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Hip fractures are an important socio-economic problem in western countries. Over the
past 60 years orthogeriatric care has improved the management of older patients admitted
to hospital after suffering hip fractures. Orthogeriatric co-management units have
increased quality of care, reducing adverse events during acute admission, length of stay,
both in-hospital and mid-term mortality, as well as healthcare and social costs.
Nevertheless, a large number of areas of controversy regarding the clinical management
of older adults admitted due to hip fracture remain to be clarified. This narrative review,
centered in the last 5 years, combined the search terms “hip fracture”, “geriatric
assessment”, “second hip fracture”, “surgery”, “perioperative management” and
“orthogeriatric care”, in order to summarise the state of the art of some questions such as
the optimum analgesic protocol, the best approach for treating anemia, the surgical
options recommendable for each type of fracture and the efficiency of orthogeriatric co-
management and functional recovery.

Keywords: hip fractures, geriatric assessment, orthogeriatric care, functional recovery,

geriatric syndromes, mortality, hip fracture surgery, multidisciplinary care.

Introduction

Osteoporotic hip fractures are one of the main health problems of geriatric patients.
Approximately1.3 million hip fractures were diagnosed in 1990 [1], and this figure is
expected to increase to over 6 million by 2050 [2]. Nearly 80% of the fractures suffered
by women and 50% of those in men occur after reaching the age of 70 years [3]. Ninety
percent of the fractures occur after falls from standing height [4]. Mortality rates of 10%
during acute hospital admission and 30% at one year [5,6] have been reported, but these
figures can be reduced introducing an orthogeriatric team [7].

Survival after hip fracture does not imply full recovery. Of those who survive, only half
recover the functional level they had before the injury [8,9] and one quarter of previously
independent patients require admission to a elderly care home [10]. The estimated socio-
economic costs derived from treating hip fractures represent 0.1% of global health care
costs worldwide increasing to 1.4% in more developed regions [1].

The advanced age, baseline functional status and the common presence of comorbidities
such as chronic heart failure and cognitive impairment among patients with hip fractures
[11] are the main arguments in favor of orthogeriatric co-management, which reduces the
risk of perioperative complications, functional decline, and mortality [12]. Joint geriatric
trauma management was introduced in the United Kingdom in the mid-twentieth century
[13]. The past two decades, however, have born an increase in the design and
implementation of coordinated perioperative models [14], which have been shown to
reduce in-hospital complications [15,16], hospital stay and readmissions [17], disability,
and in-hospital mortality [16].
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A narrative review published in 2016 [18] considered that geriatric medicine improved
awareness of the extra-orthopedic issues complicating the patient’s course and influenced
treatment outcomes, improving length of stay, decreasing complication rates and reducing
both in-hospital and mid-term mortality after discharge, as well as improving quality of
care and reducing healthcare costs. Many questions remain to be answered this field. In
addition to the traditional goals of the orthogeriatric team, another crucial objective is
enrolling the patient in the most appropriate rehabilitation program, with the aims of
reducing institutionalization and facilitating functional recovery and return to the
patients’ prefracture social situation [19]. To achieve these goals, correct assessment of
the baseline functional situation and maximum potential of recovery are of vital
importance. The high prevalence of disability following fracture can condition the patient
referral process after hospital discharge [20], and in this sense the management plan does
not conclude upon discharge from hospital but rather involves continuation of patient care
beyond the in-hospital process. Thus, the scope of the orthogeriatric team goes beyond
the hospital setting, expanding the benefits of integral geriatric care [19]. The role of
orthogeriatric care has been defined best in the United Kingdom, largely as a consequence
of the development of the best practice tariff introduced in 2010 in order to improve the
care of patients with hip fracture [21]. Later, preoperative and postsurgical cognitive
assessments were also included [22]. The National Institute for Health and Care
Excellence issued a document on the quality care of patients with hip fracture that
highlighted a number of quality standards to be met in order to maximise efficiency in
the care of patients with hip fracture [23]. All orthogeriatric care models have in common
the suitability of care provided by multidisciplinary teams proficient in geriatrics, the
need of early surgery, the role of a case manager (in this case a geriatrician) throughout
the whole process, pain control, avoidance of the appearance or worsening of geriatric
syndromes, and adequate continuity of care after hospital discharge, with the aim of
recovering baseline function [24]. Orthogeriatric care has been validated by a meta-
analysis [25]. However, there are still areas of controversy in need of study and analysis,
such as the ideal thromboprophylactic, anaesthetic and analgesic protocols, the
assessment and management of cognitive impairment and malnutrition during acute
hospitalisation, improvement of patient mobility, postoperative rehabilitation and the
efficiency of the programs used in convalescence units or in home rehabilitation care
[18,24]. Orthogeriatric co-management exists in several forms, with various types of
structural collaboration between orthopedic trauma surgeons and multi-professional
geriatric teams. The models are country-specific and there are still no clear
recommendations on how this service should be best organized; further studies are needed
to determine the best model and to define a uniform set of outcome parameters for use in
future clinical studies [26].

The present review aims to provide answers to some of these questions regarding

orthogeriatric management of patients with hip fracture, with the goal of clarifying which
measures have improved outcomes.

Methods
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The present review was carried out by conducting an electronic search in OVID (Medline
and Embase), combining the following MeSH keywords: “hip fractures” and “geriatric
assessment”, combined with “perioperative management” “surgery”, “second hip
fracture” and “orthogeriatric care”. The MeSH construction [Hip fractures] AND
([Geriatric assessment] OR “perioperative management”) OR “orthogeriatric care” OR
“geriatric syndromes”) was used. The search was limited to publications in the last 5
years; in English, Spanish, and French; and in human subjects. A total of 1126 articles
were obtained, of which 244 were finally selected. Some additional instructions were
added for certain specific objectives where necessary. In 14 cases, supplementary
information was obtained in the form of references of the selected articles. Details of the
evaluation and selection process of the items are shown in Figure 1. The articles were
selected by four researchers based on the following inclusion criteria: (1) study type:
randomized clinical trials, cohort studies, case—control studies, observational studies, and
before—after analyses in orthogeriatric units; (2) population: geriatric patients with
proximal femoral fracture; (3) intervention: orthogeriatric treatment initiated peri-
operatively; and (4) outcomes: surgical delay, length of hospital stay, prognostic factors
and mortality, functional recovery, geriatric syndromes, perioperative care such as renal
function, anemia, second hip fracture and complications, surgical treatment, and costs.
The exclusion criteria were letters to the Editor, case reports, articles with no available
abstract or those with only the abstract published, and studies meeting the inclusion
criteria but with 50% of the study sample aged under 65 years (ie, predominantly non-
geriatric). The authors of the review reevaluated all the articles, and final inclusion was
restricted to those of sufficient quality to provide information pertinent to the aims of this
review. The outcome measures examined were mortality, length of hospital stay, medical
complications, destination after discharge, functional status and recovery, secondary
prevention treatments, and readmissions.

Results

The efficiency and benefits of orthogeriatric care in a co-management pathway should be
generalized globally. A recent pre-post intervention observational study compared a
retrospective control arm (Usual orthopedic care (UOC)) to two parallel arms,
orthogeriatric co-management (OGC) and orthopedic team with the support of a geriatric
consultant service (GCS). Patients in the OGC group were more likely to undergo surgery
within 48 hours after admission (OR 2.62; 95% Confidence Interval (CI): 1.40-4.91), but
not those in the GCS group, compared with those who received UOC. OGC was also
associated with lower length of stay (LOS) and 1-year mortality [27]. In spite of the
available evidence, many hospitals still lack this model of care. Another important issue
is the collection of data via national registries allowing for audit and comparison of
outcomes between the traditional approach and orthogeriatric management, as well
between the models available in different countries, in order to define the benefits of the
different implemented models [28]. All variants agree in the need for early geriatric
clinical care and early surgical management. A 24-hour delay may be a threshold for an
increased risk of complications and mortality. In a population-based, retrospective cohort
study among 42,230 patients with hip fracture, patients who received surgery after 24
hours had a significantly higher risk of 30-day mortality (% absolute RD, 0.79; 95% ClI,
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0.23-1.35) and the composite outcome of complications ( myocardial infarction, deep
vein thrombosis, pulmonary embolism, and pneumonia) ( % absolute RD, 2.16; 95% ClI,
1.43-2.89) [29]. Clinical stabilization of patients by the orthogeriatric teams, based on
clinical recommendations and guidelines, can help reduce delays, increasing diagnostic
precision and risk assessment of comorbidities. Thus, the role of an orthogeriatrician in
an Orthopaedic Department who leads a multidisciplinary approach in the management
of older patients with hip fractures is vital, ensuring that surgical delay is under 48 hours
after presentation, as well as reducing postoperative and total length of stay [30].

The orthogeriatric approach uses an important tool: The Comprehensive Geriatric
Assessment (CGA). Two recent meta-analyses on the advantages of this tool in hip
fractures patients showed a decrease in mortality and an improvement in activities of daily
living [31], physical function and quality of life [32]. By adequately estimating
perioperative risk, preventing complications and avoiding heterogeneity in the fulfilment
of the goals of care; CGA leads to an important decrease of hospital stay and
complications, and prioritizes the recovery of baseline functional and social status. The
good results shown are made possible by a continuous improvement in quality of care,
reduction of the length of stay in the emergency department, promotion of structured
management, and inclusion of new evidence-based measures. Throughout this review,
the authors will describe the newest evidence regarding the management of geriatric
patients admitted for hip fractures.

Geriatric syndromes
Delirium

The incidence of delirium among orthopedic surgery patients has been reported to be
between 4.5 and 41.2%, according to a recent meta-analysis [33]. Risk factors for delirium
included advanced age, male sex, comorbidities, malnutrition, preoperative and
postoperative haemoglobin levels, postoperative sodium levels, postoperative length of
stay, hearing impairment, polypharmacy, antipsychotic drugs, opioid prescription, and
cognitive impairment [33].

Analogously, four observational studies have shown an incidence of delirium of 15.7%
[34], 22,09% [35], 24.2% [36] and 31.1% [37]. Poeran et al. associated postoperative
delirium with long-acting and combined short and long-acting benzodiazepines and
ketamine while neuraxial anaesthesia and opioid use were associated with lower risk [34].
Tao et al. identified baseline Barthel index, Mini-Mental State Examination (MMSE),
instrumental activities of daily living (IADLS), and Geriatric Depression Scale (GDS) as
risk factors for delirium [35]. Aldwikat et al. found that comorbidity and cognitive
impairment were independent risk factors for the development of delirium [36]. Finally,
Pioli et al. linked risk of delirium to older age, higher degree of comorbidity and
functional impairment [37]. In addition, in the multivariate analysis, surgical delay was
an independent risk factor for delirium, along with age, prefracture functional disability
and cognitive impairment (mildly to moderately impaired versus cognitively healthy or
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severely impaired patients). All the described factors were included in the previously cited
meta-analysis[33].

Another two meta-analyses identified risk factors already described in the one mentioned
above. Yang et al reported an incidence of delirium of 24.0 % and found preoperative
cognitive impairment, advanced age, living in an institution, heart failure, total hip
arthroplasty, multiple comorbidities and opioid usage as risk factors for delirium, while
females were less likely to develop delirium after hip surgery [38]. Smith et al. found age
80 years and over, living in a care institution before the fracture and the pre-admission
diagnosis of dementia to be factors associated with the appearance of delirium, which
occurred in 31.2% [39].

Delirium is associated with increased mortality, with the aforementioned confounders
responsible for the statistically significant association between incident postoperative
delirium and mortality, as shown in a meta-analysis published in 2017 [40].

There is an overlap between the different geriatric syndromes, emphasizing the need of
CGA in older patients admitted by hip fracture. Patients that were malnourished
(OR=2.98; 95% CI: 1.43-6.19), or at risk of malnutrition (OR=2.42; 95%CI: 1.29-4.53)
had an increased risk of delirium [41]. Other known risk factors for delirium are cognitive
impairment and dementia. An observational study reported that 52% of patients
developed delirium in addition to dementia, and as this overlap increased length of stay
and short-term mortality [42]. A study published before the period included in this review
already showed an overlap of geriatric syndromes between depressive symptoms and
incidence of delirium (21.7% of patients); other syndromes overlapping with delirium in
this study were vision impairment and lower cognitive function [43].

It is perhaps due to this overlap of geriatric syndromes that strategies for prevention and
treatment of delirium based on proactive geriatric consultation have shown a decrease in
the incidence of delirium. Two meta-analyses published in 2017 analysed the role of CGA
in reducing the incidence of delirium. The first one found a significant reduction in
delirium overall (relative risk [RR]=0.81; 95%=0.69-0.94) in the intervention group.
Post-hoc subgroup analysis found this effect to be maintained in the team-based
intervention group (RR=0.77; 95%CI1=0.61-0.98) but not the ward-based group [44]. The
second one showed that comprehensive geriatric care reduced the incidence of
perioperative delirium (Odds ratio [OR]=0.71; 95%CI=0.57-0.89; p=.003) and that it was
associated with better cognitive status during hospitalization or at 1-month follow-up
(MD=1.03; 95%Cl, 0.93-1.13; p<.00001) but there was no significant difference in the
duration of perioperative delirium between both groups (MD=-2.48; 95%CI1=-7.36-2.40;
p=.32) [45][45]. Most of the risk factors described for delirium are evaluated during the
CGA process, and this assessment reduces delirium incidence by identifying potential
risk factors and developing preventive strategies.

Another important strategy to decrease the incidence of delirium incidence is prompt
surgery. Surgical delay is linked to delirium, as has been previously mentioned [37], but
the duration of surgery is associated to delirium risk, too. A recent study reported that the
risk for delirium was increased with surgical duration: every 30-minute increase in the
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duration of surgery was associated with a 6% increase in the risk of delirium, and the risk
was higher was in patients who had received general anaesthesia [46].

Cognitive impairment

Both cognitive impairment and dementia are quite prevalent among patients with hip
fractures. Furthermore, rather than maintaining their cognitive function, older patients
with cognitive decline could further develop cognitive disorders after hospitalization
following hip fracture. An observational study included 402 patients with hip fracture,
188 of whom were previously cognitively intact. Of these, 12 (6.4%) patients showed a
cognitive decline in the 6 months following the fracture. Multivariate regression analysis
showed that older age and the appearance of medical complications were significant
independent risk factors for cognitive decline [47]. Older studies have reported from a
40% prevalence of some degree of cognitive impairment [48] to an 85% prevalence of
dementia [49]. Dementia is underdiagnosed in older hospitalised patients, in spite of being
an important risk factor fo suffering hip fractures [49].

Detecting cognitive impairment is vital, as one of the most important risk factors of
functional decline and mortality in hip fracture patients is concomitant dementia. A recent
observational study found that patients with cognitive impairment showed a higher
overall mortality, even after discharge from hospital [50]. This study reported that patients
with dementia were more likely to suffer respiratory infections, urinary tract infections,
sepsis, had a poorer baseline functional status, and worse ambulation at final follow-up
[50]. The relationship between function and cognitive decline is well known [51]. Only
31% percent of hip fracture patients recovered previous activities of daily living (ADL)
ability in an observational study, and recovery was less likely for those >85 years old,
with dementia and with a Charlson Comorbidity Index >2 [52]. Another study reported
that hip fracture patients with worse scores in a cognition scale had less functional gain,
but those who improved their cognitive score showed better recovery of gait ability [53],
demonstrating the benefits of a dual cognitive and functional rehabilitation in these
patients. For this reason, rehabilitation protocols for functional recovery in hip fracture
patients with cognitive impairment or dementia should include cognitive stimulation
programs, as well. Thus, treatment of behavioural psychological symptoms of dementia
(BPSD) during rehabilitation is crucial. A retrospective cohort study based on the Japan
Rehabilitation Database showed that participants who presented BPSD when initiating
rehabilitation but who had resolved their symptoms at the end of rehabilitation had better
functional recovery [54].

As previously mentioned, the negative association between dementia in hip fracture
patients and mortality can be attenuated by geriatric care. A study of 650 patients (mean
age 86 years (standard deviation [SD]: 6 years)) identified 168 patients with dementia
(DP), 400 patients without dementia (NDP) and 82 patients with in whom cognitive status
was not determined (CSND). After adjusting for age, sex, comorbidities, polypharmacy,
pre-fracture independence, time-to-surgery, and delirium, there were no significant
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differences between groups for mortality or for recovery of ambulation at 6 months, but
DP and CSND were more likely to be newly institutionalized [55].

Finally, a study among older veterans diagnosed with dementia suggested that
acetylcholinesterase inhibitors (AChEI) could reduce the risk of fragility fractures by
increasing bone density and quality, as well as improving bone healing after fracture [56].
Over an average of 4.6 years of follow-up, 20.1% suffered a fracture, and 42.3% of the
cohort had been prescribed AChEIls. The hazard of suffering any fracture was
significantly lower among AChEI users compared with those on other/no dementia
medications in fully adjusted models (hazard ratio [HR]= 0.81; 95%CI: 0.75-0.88). After
considering competing mortality risks, fracture risk remained 18% lower in veterans
using AChEIls (HR=0.82; 95%CI: 0.76-0.89) [56]. This is a field of interest for research
to confirm if AChEI would be useful to prevent hip fracture or increase bone healing after
surgery in patients with dementia.

Mood disorders and depression

The prevalence of mood disorders is high among hip fracture patients and depression and
its treatment increase the risk of fractures and have a negative impact on functional recov-
ery and mortality [57]. Van de Ree et al. reported a prevalence of psychological distress
of 36% at 1 week to 31% at 1 year after hip fracture. Frailty at presentation for hip fracture
was the most important prognostic factor for symptoms of depression (OR=2.74;
95%C1=1.41-5.34) and anxiety (OR=2.60; 95%CI=1.15-5.85) in the year following hip
fracture [58]. Again, overlapping of geriatric syndromes overlap has important
consequences for older patients with hip fractures and highlight CGA-based intervention
strategies that involve early identification of geriatric syndromes and provision of
appropriate and prompt treatments.

Depression is common among hip fracture elderly patients: a cross-sectional study
reported and overall prevalence of 46%, significantly higher in women, persons over 81
years old, diabetics and those with anxiety [59]. These studies provide further proof of
the need of routine geriatric assessment in older patients hospitalized after hip fracture. A
secondary analysis of data from a randomized controlled trial comparing usual care with
an interdisciplinary program evaluated differences in depressive symptoms using the
Chinese version of the Geriatric Depression Scale short-form. Three trajectory groups
were defined according to changes in depressive symptoms: a non-depressive group, a
marginally depressive group and a persistently depressive group. Compared to patients
who received usual care, those in the interdisciplinary program had a significantly lower
risk of being in the persistently depressive group [60]. Women and those physically and
cognitively more impaired were found to be more likely to be assigned to the marginally
and persistently depressive groups. Screening of depression could contribute to managing
it better and minimizing its negative impact on patient recovery.
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Urinary incontinence

Urinary incontinence (Ul) is another highly prevalent geriatric syndrome among older
patients with hip fracture. In a randomized clinical trial, 44% of study participants self-
reported Ul and four out of five reported nocturia at baseline [61]. A cohort study
demonstrated that Ul was associated to an increased risk of falls, but not of hip fractures
[62]. Post-void residual (PVR) urine volume was elevated in 15.6% of patients included
in a prospective observational study, and elevated PVR was more likely in the setting of
urinary or fecal incontinence, difficulties in activities of daily living, malnutrition, poor
performance on Timed Up and Go test and Elderly Mobility Scale. One-year mortality
after hip fracture was significantly higher among those with elevated PVR.. PVR deserves
to be included in the CGA of frail older patients, including women [63]. Post-operative
urinary retention (POUR) is common after hip fracture surgery, and is linked to opioid
use and anticholinergic medication. The high incidence of asymptomatic POUR in older
patients underscores the need of improved screening tools for early identification and
treatment of this condition [64]. Half of the population was unable to recover their
prefracture autonomy in a prospective cohort study.. Risk factors for not recovering
autonomy were increasing age, number of comorbidities, lower prefracture autonomy,
increased use of an anti-decubitus mattress, more days with diapers, a urinary catheter or
bed rails, a higher number of days with disorientation, failure to recover ambulation, and
a nonintensive care pathway. Recovery of ambulation, treatment of disorientation and
management of urinary incontinence are modifiable factors significantly associated with
the functional recovery of autonomy [65]. Health professionals should be aware of the
high prevalence of urinary problems in older adults with hip fractures, and screening tools
and early management should be implemented in these patients.

Constipation

Constipation is also common among patients admitted due to hip fracture. | has been
reported to be associated with immobilization, loss of intimacy, polypharmacy and
treatments such as opioids. Approximately 70% of all patients develop constipation the
first days after surgery, and 62% continue to suffer from it 1 month after surgery [66].
Some multicomponent interventions included in the CGA could reduce the incidence of
constipation. A quasi-experimental study testing the efficacy of a nursing intervention
based on active patient involvement including individualised nursing care plans reported
significant lower rates of constipation in the intervention group, attributed to higher fibre
and fluid intakes [67].

Malnutrition

do0i:10.20944/preprints202102.0489.v1
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Nutritional problems have a reported prevalence between 9 and 18,7% among older
patients hospitalised due to hip fracture according to recent studies, and 50% of patients
are at risk of malnutrition..

In a retrospective cohort study of 29,377 geriatric patients 45.9% had hypoalbuminemia,
and the risk of mortality was inversely associated with serum albumin concentration as a
continuous variable. Compared with normoalbuminemic patients, hypoalbuminemic
patients had higher rates of death, sepsis and unplanned intubation, as well as a longer
length of stay.. Hypoalbuminemia is a powerful independent risk factor for mortality [68].
A systematic review including 44 articles and 26,281 subjects found a prevalence of
malnutrition of 18.7% (using the Mini-Nutritional Assessment (MNA) (large or short
form)) that increased to 45.7% when different criteria were used (such as Body Mass
Index (BMI), weight loss, or albumin concentration). Low scores in anthropometric
indices were associated with a higher risk of in-hospital complications and with poorer
functional recovery. Despite improvement in the management of geriatric patients with
hip fractures, mortality remained unacceptably high (30% at 1 year and up to 40% at 3
years) and malnutrition was associated with a higher risk of dying [69]. Nutritional
assessment as part of the CGA including nutritional screening tools and serum parameters
such as albumin is cost effective, improves nutritional status and functional recovery. At
baseline, 9% patients were malnourished and 42% patients at risk of malnutrition among
472 hip fracture patients aged 65 years and older included in a population-based
prospective study that used baseline Mini-Nutritional Assessment Short Form (MNA-SF)
scores. Malnutrition was associated with mortality. Risk of malnutrition and malnutrition
also predicted institutionalization, and the risk of malnutrition was associated with decline
in mobility in the multivariate binary logistic regression analyses [70]. In a prospective
study that included 509 patients (mean age 85.6 (SD 6.9) years, 79.2% female), 20.1%
had a BMI lower than 22 kg/m?, 81.2% had protein and 17.1% had both energy and
protein malnutrition. Serum vitamin D was <30 ng/ml in 93% of patients and 17.1% were
sarcopenic. There is an overlap between protein and energy malnutrition, vitamin D
deficiency and sarcopenia [71].

Nutritional impairments, vitamin D deficiency and sarcopenia have been associated with
functional decline, length of stay, complications such as sepsis and mortality.
Furthermore, nutritional assessment has been reported to be cost-effective, and should be
included in routine CGA in elderly patients admitted for hip fracture. The question
regarding which is the best nutritional screening tool remains open. Three studies
evaluated which best tool was best to diagnose malnutrition. Helminen et al. performed a
prospective study in which 7% of patients were malnourished and 41% at risk of
malnutrition at baseline, according to the MNA-SF. The MNA-SF predicted mortality,
LOS and readmissions better than the NRS2002 (Nutritional Risk Score 2002), while both
were ineffective in predicting changes in mobility and living arrangements [72]. Inoue et
al. compared the MNA-SF, MUST (Malnutrition Universal Screening Tool), NRS-2002
and GNRI (Geriatric Nutritional Risk Index) in 205 patients. Multiple linear regression
revealed that MNA-SF was associated with the motor-FIM (functional independence
measure) at discharge, efficiency on the motor-FIM relative to length of stay and 10-m

do0i:10.20944/preprints202102.0489.v1
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walking speed. The GNRI was associated with 10-m walking speed, but not motor-FIM
or motor-FIM efficiency. MNA-SF was identified as the ideal nutritional screening tool
predict functional outcomes during the acute postoperative phase in older hip fracture
patients [73]. Finally, Koren-Hakim compared MNA-SF, MUST and NRS-2002 in 215
patients (71.6% female; mean age 83.5 (SD 6.09)) and found a.significant relationship
between the nutritional groups of the 3 scores. For all screening tools, body mass index,
weight loss and pre-admission food intake were related to the patients' nutritional status.
Only the MNA-SF was able to detect the well-nourished patients that would have less
readmissions in the 6 months after the fracture. Well-nourished patients according to the
MNA-SF had lower mortality at 36 months than malnourished patients and those at risk
of malnutrition. The association between the NRS-2002 patients' nutritional status and
mortality was weaker [74]. According to these studies, the MNA could be the best
nutritional screening tool for hip fracture patients and would offer the best prediction of
survival and functional recovery.

Several studies have evaluated functional recovery among patients with nutritional
impairments after hospital discharge. A retrospective observational cohort study divided
patients into two groups based on MNA-SF scores at discharge vs. admission:
improvement in nutritional status (IN group) and non-improvement in nutritional status
(NN group). Patients in the IN group were younger and had higher admission FIM and
MNA-SF scores. The median FIM score at discharge was significantly higher in the IN
group than in the NN group. Multivariate analysis revealed a significant association
between improvement in nutritional status and higher FIM scores at discharge [75].
Another retrospective cohort study analysing 107 rehabilitation patients aged >65 years
and older reported that compared to lower-functioning patients, higher-functioning
patients were younger, were hospitalised less time, and had lower CIRS-G (Cumulative
Iliness Rating-Scale for Geriatrics) scores with higher mean MMSE (Mini-Mental Status
Examination) scores. The gain in FIM was significantly higher in patients at low risk of
malnutrition (according to the Short Nutritional Assessment Questionnaire, SNAQ), in
those who did not lose weight, had normal albumin, and lower CIES-G scores. Patients
who achieved functional independence — discharge FIM>90 — ate normally and
experienced less "loss of appetite”. Weight loss was the strongest negative predictor of
the gain in FIM. Nutritional status, especially weight change, is an independent negative
predictor for the success of rehabilitation [76]. A multicenter prospective cohort study
evaluated nutritional status using the MNA-SF in 204 patients: 51 (25.0%) patients were
malnourished, 98 (48.0%) were at risk of malnutrition, and 55 (27.0%) were well-
nourished before the fracture. At discharge, FIM scores were higher in well-nourished
patients than in those malnourished or at risk of malnutrition (p<0.01). MNA-SF
remained a significant independent predictor for FIM at discharge even after adjusted
multiple regression. The baseline nutritional status was a significant independent
predictor for functional status at discharge from acute admission [77]. Finally, a
prospective observational cohort study of 254 geriatric patients undergoing surgery
showed that most followed one of the five trajectories at one-year: (1) 30% (n=63)
returned home, (2) 11% (n=22) returned to a nursing home, (3) 16% (n=36) needed
rehabilitation, (4) 13% (n=28) were discharged to a location different from that prior to
admission and (5) 18% (n=37) had died. Patients following trajectory 1 were younger
while those in trajectory 5 had lower MNA scores. Delay between discharge from the
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attending staff and true departure from the hospital was associated with low MNA scores,
low MMSE scores and with the need for a rehabilitation centre (trajectory 3) [78]. Early
assessment of nutritional status and early intervention are important for successful
postoperative rehabilitation.

A subanalysis of a randomized controlled trial of orthogeriatric care included nutritional
advice and supplementation in the intervention group (orthogeriatric care). Vitamin K1
and 25-(OH)-D levels were higher at 4 months in the intervention group than in controls.
No difference was found in bone turnover markers between groups, but a substantial loss
of weight and physical function was found in both groups[79].

Sarcopenia

Sarcopenia is partially dependent of nutritional status. The following risk factors of
sarcopenia were identified in a multicenter prospective observational study:
undernutrition (body mass index-BMI and Mini Nutritional Assessment-Short Form-
MNA-SF), hand-grip strength and skeletal muscle index. During follow-up, 114 patients
died (60.5% sarcopenic vs. 39.5% non-sarcopenic, p=0.001). Cox regression analyses
showed that sarcopenia and low hand-grip strength were associated with an increased risk
of dying. Older patients with undernutrition had a higher risk of developing sarcopenia
during hospitalisation, and sarcopenic patients were almost twice as likely to die during
follow-up after hip fracture [80]. Using the European Working Group on Sarcopenia in
Older People Criteria (EWGSOP), a prospective study of 479 consecutive patients
hospitalized for hip fracture identified sarcopenia in 17.1%. Sarcopenia was associated
with living in nursing homes, older age, and having a lower body mass index, but only
low body mass index was predictive of sarcopenia after adjustment in the multivariate
analysis [81]. A third study assessed sarcopenia using the SARC-F self-reported
questionnaire and found a prevalence of 63.5%. The sensitivity, specificity, positive
predictive value, negative predictive value were 95.35 %, 56.94 %, 56.94%, 95.35%, and
71.3%, respectively versus the EWGSOP-2 criteria as the reference standard [82],
suggesting SARC-F could be useful to identify sarcopenia in hip fracture patients. This
is particularly important as sarcopenia is linked to poorer functional recovery. Another
study diagnosed sarcopenia using the definition of the Foundation for National Institutes
of Health (FNIH) criteria in 127 patients (mean age of 81.3 (SD 4.8) years, and 64.8%
female) and identified sarcopenia in 33.9%. Participants with sarcopenia were less likely
to have complete functional recovery and showed lower Barthel index scores at discharge
from the rehabilitation unit [83].

In summary, sarcopenia is common among older patients with hip fractures, and is
associated with a poorer nutritional status and lower likelihood of functional recovery in
rehabilitation programs. These patients could benefit of the development of personalized
treatment plans that include nutritional and functional interventions.

Frailty

Frailty is another geriatric syndrome highly prevalent in older patients with hip fracture
and has been associated with the incidence of complications and length of stay. Of 696
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patients aged 65 years and older included in a prospective cohort study, 53.3% were
considered frail. Frailty was negatively associated with health status, self-rated health and
capability well-being 1 year after hip fracture, even after adjusting for confounders [84].
Another study evaluated the value of the ASA (American Society of Anaesthesiologists)
score and Edmonton frailty score in predicting the outcome of treatment of femoral neck
fractures in older patients. The frailty index, calculated using Edmonton scoring index,
showed that 49% had low frailty scores and 51% had high frailty scores. Patients with
high frailty scores and ASA grade had a greater chance of developing wound infection,
as well as higher morbidity and mortality following femoral neck fracture [85]. Frail
patients had a significantly lower survival compared to nonfrail patients in a prospective
observational cohort study [86]. The final study included in this subsection used the 7-
point Clinical Frailty Scale to diagnosis frailty in 164 patients:. 81 patients were 'not
vulnerable' (frailty score 1-3) and 83 were 'vulnerable or frail' (frailty score = 4). One
month after surgery, 5% patients had died, all of them with frailty scores = 4 (p=0.007).
Postoperative morbidity during the 28-day follow-up was less common among patients
categorised as 'not vulnerable'. Postoperative length of stay was longer for 'vulnerable or
frail' with scores = 4 [87]. Frail patients also show a lower chance of functional recovery:
in a study of 100 consecutive hip fracture patients (mean age 79.1 (SD 9.6) years), 37.8
% had post-operative complications. Frailty, measured using the MFC (modified fried
criteria) and REFS (reported Edmonton frail scale), was significantly associated with
suffering complications using both scales (OR=4.46, p=0.04 and OR=6.76, p=0.01,
respectively), which were the only significant predictors of post-operative complications
on univariate analyses. However, only REFS (OR=3.42, p=0.04) predicted early post-
operative complications in the hierarchical logistic regression model. REFS also
significantly predicted [basic activities of daily living (BADL)] function at 6-month
follow-up in the multivariable logistic regression models. (BADL, OR=6.19, p=0.01).
Frailty, measured with the REFS, was a good predictor of early post-operative outcomes
in this pilot study of older adults undergoing hip surgery, and it also predicted 6-month
BADL function [88].

Pressure sores

Pressure sores are a geriatric syndrome commonly presenting during hospitalisation after
hip fracture. Proof of their importance is that national hip fracture audits include pressure
sores as a variable. A study comparing the results reported by different national hip
fracture registries described an incidence of pressure sores between 2 and 6.7% [28].
These rates are lower than those described in cohort studies and meta-analysis, as we shall
discuss later. The difference can be possibly explained due to the fact that registries are
based on health records and rely of the quality of this clinical information.

Pressure sores are more common in some diseases such as diabetes. A meta-analysis
reported that 15.1% of diabetics had pressure sores, compared to 7.5% among hip fracture
patients without diabetes. The risk of pressure ulcers during hospitalisation was increased
in diabetics with hip fractures (OR =1.825 [95%CI: 1.373-2.425) [89]. Geriatric care
needs to intensify preventive measures in these patients. Pressure ulcers are also
associated with surgical delay: a meta-analysis showed an increase in complications
including pressure ulcers among patients with higher surgical delay [90].

do0i:10.20944/preprints202102.0489.v1
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Approximaltely 12% of patients suffered category Il or higher pressure ulcers in a
prospective cohort study that identified five risk factors associated with developing sores:
higher preoperative Braden score, surgical procedure with osteosynthesis, a higher
percentage of days with the presence of foam valves before surgery, use of a urinary
catheter, and use of a diaper in the postoperative period [91]. Another prospective cohort
study also found an incidence of 12% and linked this geriatric syndrome to low albumin
levels, history of atrial fibrillation, coronary artery disease and diabetes. Pressure ulcers
were also associated with 6-month mortality (RR=2.38, 95%CI=1.31-4.32, p=0.044)
[92].

In another cohort study of 8,871 geriatric hip fracture patients, 457 (5.15%) developed
pressure ulcers. Risk factors of developing pressure ulcers were preoperative sepsis,
elevated platelet count, insulin-dependent diabetes, pre-existing pressure ulcers,
postoperative pneumonia, urinary tract infection, and delirium [93]. Pressure sores
appeared in 22.7% of 1,083 older adult patients with fragility hip fractures included in a
prospective multicentric prognostic cohort study; risk factors identified were: age over 80
years, the length of time an indwelling urinary catheter was used, duration of pain, the
absence of side rails on the bed, and the use of a foam position valve [94]. The incidence
of pressure ulcers was 25.7% in a cohort study of 462 patients with hip fracture. The
incidence was higher in weaker subjects, and baseline Barthel index, and MNA scores
were lower among those developing ulcers. However, only low handgrip strength
remained associated with the development of pressure ulcers upon multivariate
adjustment [95].

The effects of multidisciplinary co-management of older hip fracture patients were
evaluated in a retrospective study that included 3540 patients. Half of the patients who
received co-management received surgery within 48 hours of ward admission, compared
to 6.4% before the intervention, 0.3% (vs 1.4%) developed pressure ulcers, and 76% (vs
19%) were assessed for osteoporosis [96].

In a prospective prognostic cohort study of patients admitted with fragility hip fractures
and monitored over a 12-month period, 27% developed pressure sores. Multivariate
analysis identified the following risk factors: age older than 81 years, type of surgery, and
placement of the limb in a foam rubber splint. Pressure ulcers are a relatively common
complication in older adults with hip fractures, especially high-risk patients or with
certain treatments. Pre-emptively identifying patients at highest risk of pressure injury
taking these factors into account could help provide and targeted care [97].

Polypharmacy

Polypharmacy, fall-risk increasing drugs and inadequate prescription are very common
in older adults. A retrospective cohort study analysed polypharmacy and fall-risk
increasing drugs (FRIDS) in 228 patients older than 80 years discharged from an
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Orthogeriatric Unit who were able to walk before surgery. The mean number of drugs
and FRIDS prescribed at discharge was 11.6 (SD 3.0) and 2.9 (SD 1.6), respectively.
Polypharmacy was very prevalent: 23.3% (5-9 drugs) and 75.9% (> 10 drugs); only three
patients did not meet the definition of polypharmacy. In addition, only 11 patients had no
FRIDS and 35.5% were on <3 FRIDS. The most prevalent FRIDS were: agents acting on
the renin-angiotensin system (43.9%) and anxiolytics (39.9%). The number of FRIDS
was higher in patients with extreme polypharmacy. Those independent in instrumental
activities had lower risk of extreme polypharmacy (> 10 drugs), while patients living in
a nursing home had higher risk of >3 FRIDS [98].

Orthogeriatric co-management with CGA based care could help stop inappropriate
prescriptions. The differences in drugs prescribed at admission and discharge were
analysed in a randomized clinical trial that compared comprehensive geriatric care
(CGCQ) in a geriatric ward with traditional orthopaedic care (OC). The mean number of
drugs prescribed at discharge in the CGC group was lower compared with OC (7.1 (SD
2.8) versus 6.2 (SD 3.0)) and the total number of withdrawals and of starts was higher in
the CGC group. The number of drug changes during hospitalisation was negatively
associated with mobility and function at 4-month follow-up in both groups, but this
association disappeared in multivariate analysis using baseline function and
comorbidities as a confounders [99]. CGA interventions including assessment of drugs
prescription at hospital discharge could have a potential impact on adverse events and the
incidence of falls in older patients. Table 1 summarizes the most important papers on
geriatric syndromes included in this review.

Perioperative care
Renal function

Low glomerular filtration rates have been associated with increased comorbidity, lower
haemoglobin concentrations at admission, longer surgical delay, and greater incidence of
delirium. Of 1425 consecutive hip fracture patients included in a population-based
prospective study, 40% had renal dysfunction on admission using the Chronic Kidney
Disease Epidemiology equation (eGFRCDK-EPI) [100]. In the multivariate analyses,
eGFRCDK-EPI values of 30-44ml/min/1.73m? (HR=1.91; 95%CI=1.44-2.52) and
<30ml/min/1.73m? (HR=1.95; 95%CI=1.36-2.78) were associated with increased
mortality. In summary, moderate to severe renal dysfunction measured by eGFRCDK-
EPI and polypharmacy increased mortality after hip fracture. Frequent assessment of
renal function and medications are essential in the care of geriatric hip fracture patients.

Anemia and patients blood management

Approximately 40% of all hip fracture patients have haemoglobin (Hb) values below 12
g/dL upon admission to hospital. Anaemia significantly progresses during the days before
surgery, more so in extracapsular fractures. In hip fracture patients, anaemia has been
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associated with increased risk of blood transfusion, poorer functional outcomes and
increased mortality [101]. Hip fracture surgery is additionally associated with
perioperative blood loss frequently requiring transfusion. Patient blood management
(PBM) involves multidisciplinary strategies to optimize outcomes. The management of
anaemic patients includes preoperative fluid resuscitation, the administration of iron
alone or combined with vitamin B12, folic acid, and on occasion erythropoietin, as well
as blood products; it also includes the minimization of further intraoperative and
perioperative losses.

Some risk factors for increased hidden blood loss after a hip fracture are higher ASA
score, perioperative gastrointestinal bleeding/ulcer and use of general anaesthesia
compared to spinal anaesthesia. Patients with higher hidden blood loss were more likely
to receive transfusions [102]. Advanced age, preoperative anaemia, female sex, lower
BMI, higher ASA scores, chronic obstructive pulmonary disease (COPD), hypertension,
increased surgical delay, and having intertrochanteric and subtrochanteric femur fractures
were perioperative independent risk factors associated with receiving postoperative blood
transfusions in older patients with hip fractures included in the American College of
Surgeons National Surgical Quality Improvement Program (ACS NSQIP) [103]. Patients
receiving postoperative transfusions had a significantly higher risk-adjusted 30-day
mortality, total hospital length of stay and readmission rates. Survival at 90 days, 180
days, and one year after surgery was significantly lower among patients with a Hb level
below 12 g/dL at admission [104].

The 2018 PBM International Consensus Conference defined the current status of the PBM
evidence base for clinical practice in orthopaedic major surgery. It recommended using
intravenous (1V) iron for patients with iron deficiency anaemia to reduce Red Blood Cell
(RBC) transfusion rates; erythropoietin therapy in addition to IV iron in patients with Hb
levels <13 g/dL; and it also established a conditional recommendation in favour of using
a RBC transfusion threshold of Hb <8g/dL in adults with hip fractures and cardiovascular
disease or risk factors [105].

PBM-based strategies for the prevention and treatment of anaemia and transfusion have
demonstrated an improvement of outcomes after hip fracture. A meta-analysis comparing
restrictive versus liberal transfusion strategies in patients undergoing hip fracture surgery
found no differences in the rates of delirium, mortality, the overall incidence of infections,
the incidence of pneumonia, wound infection, cardiovascular events, congestive heart
failure, thromboembolic events or length of hospital stay between restrictive
(haemoglobin level threshold <8 g/dL or symptoms) and liberal (Hb level threshold <10
g/dL) RBC transfusion strategies (p>.05). However, the authors found that restrictive
transfusion thresholds were associated with higher rates of acute coronary syndrome and
a 40% decrease in the risk of cerebrovascular accidents. The authors concluded that that
clinicians should individualise treatment based on patient condition before adopting a
transfusion strategy, rather than using haemoglobin level thresholds [106]. In a
retrospective study, a restrictive transfusion strategy was associated with fewer acute
cardiovascular complications and a reduction in packed RBC units used per participant,
but also with a greater frequency of transfusion in the rehabilitation setting [107]. Another
retrospective cohort study compared a restrictive (transfusion threshold of haemoglobin
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<8 g/dL) with a very restrictive transfusion protocol (threshold of <7 g/dL Hb in
hemodynamically stable patients and <8 g/dL in patients with symptomatic anaemia or a
history of coronary artery disease); the very restrictive protocol decreased transfusion
rates, a lower likelihood of transfusion of more than 1 unit of RBCs, and lower inpatient
cardiac morbidity without differences in morbidity, in-hospital mortality and readmission
and survival at one month follow-up [108].

Intravenous iron is an alternative to avoid RBC transfusion. A meta-analysis
comparing iron supplementation with placebo in 1201 patients undergoing hip fracture
surgery, found that administering 200-300 mg iron 1V preoperatively was associated with
a reduction in transfusion volume and length of stay, but was not found to reduce
infections or mortality [109]. Preoperative iron supplementation combined with
restrictive transfusion strategy (Hb level threshold <8 g/dL or symptoms) was compared
with a liberal transfusion strategy (Hb level threshold < 10 g/dL) without iron
supplementation during hospitalization for hip fracture in a retrospective cohort study.
The restrictive transfusion strategy was associated with a reduction in packed RBC units
used per patient, but more transfusions in rehabilitation settings [110].

The combined use of 1V iron and erythropoietin (EPO) did not reduce the percentage of
transfused patients in two cohort studies [111,112] but it did reduce the number of RBC
units required. Patients in the intervention group showed improved functional recovery at
3 and 6 months after the fracture, measured with the Barthel index and the Functional
Ambulation Categories (FAC scale)[111]. A retrospective study compared RBC
transfusion with a patients treated with iron and EPO [113]. The transfusion group had
higher haemoglobin levels on the first postoperative day without differences in mortality;
haemoglobin levels were completely recovered within 2 weeks in both groups. Treatment
with EPO could improve functional recovery as well, as suggested by a randomized
clinical trial [114] that used EPO in sarcopenic patients with femoral intertrochanteric
fractures and reported a higher handgrip strength in sarcopenic women in the intervention
group, but not in men. The appendicular skeletal muscle increment of the intervention
group was markedly increased regardless of sex. The postoperative infection rate and
length of stay were lower in the intervention group. In summary, EPO could improve the
muscle strength of female patients with sarcopenia during the perioperative period - but
not revert sarcopenia itself. EPO could also increase muscle mass in both sexes.
Postoperative administration of EPO could therefore potentially accelerate postoperative
rehabilitation.

Intravenous tranexamic acid (TXA) is another option in PBM. It possesses great potential
in reducing blood loss and allogeneic blood transfusion safely in patients with hip
fractures undergoing surgery. 5 meta-analyses [115-119] of RCTs comparing
intraoperative administration of TXA with placebo in patients undergoing hip fracture
surgery showed significant differences between groups regarding transfusion rates of
allogeneic blood, total blood loss, intraoperative blood loss, postoperative blood loss and
postoperative haemoglobin, without affecting the rates of thromboembolic events, deep
venous thrombosis, acute coronary syndrome, cerebrovascular events, wound
complications or mortality.
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Pain management

Insufficient control of pain during hospitalisation for hip fracture has been associated with
an increased incidence of delirium and poorer outcomes. A review published in 2016
warned of the importance of pain associated with hip fracture due to its severe
consequences and delayed recovery. However, the prevailing opioid-dependent model of
analgesia, presents multiple disadvantages and risks that can compromise outcomes in the
hip fracture population. The pain management process includes fundamental
preoperative, intraoperative, and postoperative interventions and lacks sufficient well-
designed studies to unequivocally show which pain management approaches work best
after hip fracture surgery [120].

A study used the initial pain evaluation by emergency medical services using the Numeric
Rating Scale (NRS) and reported that 28% of patients received analgesics, with their score
dropping from 7.0 (SD, 2.6) to 2.8 (SD, 1.4) upon hospital arrival [121]. The authors of
this study highlighted that only a minority of patients received pre-hospital analgesia and
this treatment was linked to significant pain relief. Treatment of pain during transfer to
hospital could be implemented in hip fracture treatment guidelines.

Pain was measured with the Western Ontario and McMaster Universities Osteoarthritis
Index questionnaire's short form (WOMAC-SF) in a prospective study [122]. Predictors
of worse pain at six or eighteen months after the fracture were: living in a home care
situation or nursing home before the fracture and low pre-fracture pain. Predictors of
functional deterioration at six months were: age >85 years, lower income, high pre-
fracture hip function, referral to rehabilitation upon discharge, and longer surgical delay.
In summary, prefracture frailty is a predictor of greater post-fracture pain and functional
decline. Prevention of frailty by promoting exercise in older adults could improve the
prognosis following hip fracture.

The application of femoral nerve blocks in the Emergency Department among older
adults with acute hip fracture has been evaluated in a systematic review that included
seven randomized controlled trials [123]. All reported reductions in pain intensity with
femoral nerve blocks, and all studies but one reported a decrease in the requirements of
rescue analgesia. No adverse effects were found to be associated with the femoral block
procedure; in fact, two studies reported a decreased risk of adverse events such as
respiratory and cardiac complications. Femoral nerve blocks are beneficial both in terms
of decreasing the pain experienced by older patients, as well as limiting the amount of
systemic opioids administered. A Cochrane systematic review and meta-analysis on
peripheral nerve blocks (PNBs) for hip fractures in adults included 49 trials (3061
participants; 1553 randomized to PNBs and 1508 to no nerve block (or sham block))
published from 1981 to 2020 [124]. The average age of participants ranged from 59 to 89
years. People with dementia were often excluded from the included trials. The results of
11 trials with 503 participants showed that PNBs reduced pain on movement within 30
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minutes of block placement (standardized mean difference (SMD) -1.05, 95% confidence
interval (CI) -1.25 to -0.86; equivalent to -2.5 on a scale from 0 to 10; high-certainty
evidence). The effect size was proportional to the concentration of local anaesthetic used
(p=0.0003). Based on 13 trials with 1072 participants, PNBs decreased the risk of acute
confusional state (RR=0.67; 95%CI=0.50-0.90; number needed to treat for an additional
beneficial outcome (NNTB)=12, 95%CI 7-47; high-certainty evidence). PNBs are likely
to reduce the risk for chest infection (RR=0.41 95%CI=0.19-0.89; NNTB=7, 95%CI 5-
72; moderate-certainty evidence). The effects of PNBs on six-month mortality are
uncertain, due to very serious imprecision (RR=0.87, 95%CI1=0.47-1.60; low-certainty
evidence). PNBs are likely to reduce time to first mobilization (mean difference (MD) -
10.80 hours, 95%Cl: -12.83 to -8.77 hours; moderate-certainty evidence). In summary,
PNBs reduce pain on movement within 30 minutes after block placement, risk of acute
confusional state, and probably also reduce the risk of chest infection and time to first
mobilization.

A randomized clinical trial examined the effect on pain intensity and mobility of
incorporating Transcutaneous electrical nerve stimulation (TENS) treatment added to
standard rehabilitation care during the acute post-operative phase following Gamma-nail
surgical fixation of extracapsular hip fractures. The authors reported a significantly
greater pain reduction during walking in the active TENS group compared to sham TENS
group. Additional improvements in the active TENS group were a greater increase in
walking distance on the fifth postoperative day and a higher level of mobility compared
to the sham TENS group. The authors concluded that adding TENS to the standard care
of elderly patients in the early postoperative period following surgical fixation of
extracapsular hip fracture with a Gamma nail could be recommended for pain
management during walking and functional gait recovery [125].

Perioperative antithrombotic management

Approximately 30-50% of patients with hip fractures have cardiovascular comorbidity
that requires antithrombotic treatment (antiplatelet, vitamin K antagonists (VKA) or
direct oral anticoagulants (DOACS) [126]. Early surgery (within 48 h) has been proven
to reduce complications and mortality at 30 days and 1 year in hip fracture patients even
if receiving antithrombotic treatment [127-129], although these drugs can potentially
interfere with regional anaesthesia or increase perioperative bleeding. Choosing the
optimal moment for surgery should thus balance thrombotic and bleeding risks with the
risks of delayed surgery and the benefits and risks of spinal anaesthesia.

Antiplatelet agents

Current evidence from meta-analyses of observational studies including 245 patients
treated with clopidogrel compared with 2400 controls indicates that it is unnecessary to
delay surgery to restore platelet function when patients with hip fractures receive aspirin
alone, clopidogrel alone or clopidogrel combined with aspirin. Furthermore, early surgery
(<48 h) significantly reduced mortality (OR=0.43; 95%CI: 0.23 to 0.79; p=0.006) and
hospital stay (WMD = - 6.05; 95%ClI: - 7.06 to - 5.04; p < 0.001), which is important for
patient recovery[130,131].
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Bleeding, transfusion rates and complication rates of patients treated with clopidogrel
depended on surgical delay and whether or not clopidogrel was interrupted. Regarding
the risk of bleeding, the meta-analyses showed conflicting results in patients treated with
clopidogrel alone or associated with aspirin; Soo et al. found that early surgery (<2 days)
did not increase bleeding in patients with clopidogrel compared to delayed surgery (>5
days). The odds ratio for transfusion within 48-56 hours vs. > 5 days was 1.24 (95 %CI:
0.91 to 1.71; p>0.05), while for the total units transfused per patient it was 0.12 (95%CI:
-0.18 t0 0.43; p > 0.05), and for the drop in haemoglobin it was -0.1 (95%CI: -0.5 to 0.31;
p >0.05)] [131]. Conversely, Yang el al. showed a small increase in bleeding, as evidence
by transfusion rates (OR=1.21; 95%CI: 1.01 to 1.44; p < 0.05) and haemoglobin drop
(WMD=0.75; 95%Cl, 0.50 to 1 g/dL; p < 0.001) [130]. Patients treated with clopidogrel
with a surgical delay of 5 days or more had more complications (pulmonary embolism,
myocardial infarction, heart failure and pressure ulcers), than those that were treated in
24-72 h [130]. Although interruption of antiplatelet therapy in those at low risk for
thrombotic complications may be considered, it seems safer to continue antiplatelet
therapy in patients with a high thrombotic risk. In a study of 30 cases that did not
discontinue clopidogrel against 44 controls, bleeding increased by an average of 100 ml
in cases compared to 250 ml in the patients who discontinued treatment [131]. A recent
cohort study demonstrated that maintaining double antiaggregation with clopidogrel and
aspirin perioperatively led to greater perioperative blood loss and need requirements of
transfusions than clopidogrel alone [132]. Another cohort study showed that maintaining
clopidogrel during the perioperative period of hip fracture surgery with a surgical delay
of >4+1 days should be abandoned due to increased complications, intensive care unit
(ICU) admissions, length of stay and lower one-year survival rate [128].

Regarding dipyridamole, patients with hip fractures receiving aspirin, dipyridamole, or
both, underwent urgent surgical stabilization without drug cessation, without an increase
in bleeding or transfusion rates, according to a cohort study by Lin et al [133].

Neuroaxial anaesthesia has been proven to be safe in patients receiving aspirin treatment.
Furthermore, of the aforementioned meta-analyses, 145 patients treated with clopidogrel
were operated under spinal anaesthesia within 48-72 h following hip fracture, without any
reported cases of clinical spinal hematoma [130,131]. To our knowledge, there are
currently no published studies investigating prasugrel or ticagrelor regarding acute hip
fracture surgery.

Oral anticoagulants

Patients on oral anticoagulants (VKA, DOACs) with hip fracture experience a small
increase of surgical blood loss (mean difference 31.0 mL, 95% CI: 6.2-55.7) and have
1.3-fold higher risk of receiving red blood cell transfusions (OR: 1.34, 95% CI 1.20-1.51)
according to a recent meta-analysis [134]; rates of postoperative thromboembolism were
similar regardless of anticoagulation status, for venous as well as arterial
thromboembolism (OR 0.96, 95%CI 0.40-2.79 and OR 0.58, 95%CIl 0.25-1.36,
respectively). It should be noted that the degree of surgical delay did not mitigate this
bleeding risk, and there was no difference in the rate of postoperative thromboembolism,
either. No subgroup effect was found based on anticoagulant type or degree of surgical
delay [134].
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A cohort study on 157 patients with warfarin showed that patients undergoing surgery
after 48 h were 1.5 times more likely to die than patients who underwent surgery within
48 h [135]. Two cohort studies suggest reversing the international normalised ratio (INR)
with vitamin K in patients treated with VKA (warfarin, acenocumarol) as soon as possible
after presentation in order to perform surgery within 24-48 h, with the goals of preventing
excessive perioperative bleeding and to allow neuroaxial anaesthesia (INR <1.5)
[135,136]. Vitamin K (10 mg) on admission enables reliable reversal of anticoagulation
and has been found not only to reduce surgical delay but also complication rates and
length of stay. Furthermore, in the study by Cohn et al., patients anticoagulated with
VKA corrected to an of 1.7 did not require more transfusions compared with non-
anticoagulated hip fracture patients, suggesting that these patients can be safely operated
on with an INR of 1.7 [136].

Prothrombin complex concentrates (PCC) can also be used when urgent (< 6 hrs) VKA
reversal is needed, as studied in two cohort studies. PCC combined with vitamin K
reversed the INR in 30 minutes for up to 24 hours [137,138], without increasing
complications or 30-day mortality [138]. Potential indications for this strategy would be
prompt internal fixation to avoid avascular necrosis in intracapsular fractures, as well as
in patients with excessively high INR on admission [138]. Fresh-frozen plasma (FFP)
was less effective than PCC in reverting INR, with the added risk of volume overload and
more thromboembolic events. Current literature does not support using FFP to revert
VKA in hip fractures [137].

There is growing evidence supporting early hip fracture surgery (within 6-48 hours) in
patients treated with DOACS; the particular drug, dose taken, timing of the last dose,
function and, when available, the level of coagulation should be taken into consideration
[126,127,134]. Three recent cohort studies showed that the intraoperative blood loss or
intra or postoperative transfusion rate was not different for patients under DOAC
treatment undergoing early surgery for hip fracture (< 24-48 h) compared with controls
[139-141]. However, Leer-Salvensen reported a 5-fold increase in the rate of wound
haematomas, though without complications [139]. Conversely, other studies such as the
meta-analysis by Xu et al [134] and other cohort studies observed that DOACs were
associated with a slightly increased risk of intra-operative bleeding and blood transfusion
[141,142]. This association remained when including only patients operated on in less
than 24 hours [142]. Schuetze however found that patients operated in the first 6 hours
after presentation avoided intra-operative blood transfusion [126]. The authors suggest
than hip fracture surgery should be deferred until ideally 24 hours after the last dose of
DOACs, o 48 hours in the setting of impaired renal function; marginally more
transfusions are to be expected in patients with renal insufficiency or treated with
dabigatran.

In conclusion, no antithrombotic drug justifies delaying hip fracture surgery more than
48 hours. Early surgery was usually associated with a small increase in perioperative
blood loss or transfusion rates compared to controls; surgical delay did not mitigate this
bleeding risk. Thus, the ideal strategy would be to adapt the anaesthetic techniques
(neuroaxial or general combined with peripheral nerve blocks) to the patient's haemostatic
status at the time of early surgery (within 48 h); if the patient is being treated with
clopidogrel, prasugrel or ticagrelor, neuroaxial anaesthesia should be avoided. In
addition, all patients should be prepared before surgery for possibly requiring intra- or
postoperative transfusion, especially those treated with DOACS, clopidogrel, ticagrelor


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

or prasugrel, alone or combined with aspirin. Table 2 sums up the most important results
reported in this review.

Surgery

Hip fracture registries, database studies and arthroplasty registries have provided insight
into many of the areas of debate regarding surgical management of hip fractures; several
large trials have been published in the past years, providing high-level evidence in
different issues. Table 3 summarizes the most important studies regarding surgical
techniques included in this review.

One of the main topics of debate is the effect of surgical delay on mortality. Though a
lower threshold for increased complications, peri-operative bleeding and transfusion than
for mortality has been shown, in addition to decreased postoperative mobility
[29,139,143-148], delay seems to be a weaker predictor for mortality than other variables
such as sex, age and comorbidity [149], and may have a differential effect depending on
patient age, baseline comorbidity and whether delay is due to medical or administrative
reasons [150-153]. The HIP ATTACK study, an international, randomized controlled
trial comparing accelerated surgery and standard care has shown that accelerated surgery
(median, 6 hours) did not decrease the risk or mortality or major complications compared
with standard care (median, 24 hours) [154-156], but did show accelerated surgery was
possible.

Intracapuslar hip fractures

Many high-quality studies have been undertaken regarding the surgical management of
intracapsular hip fractures, regarding internal fixation as well as prosthetic management.
Major complications and reoperations are common following internal fixation even for
non-displaced fractures in older patients [157], and one in ten patients treated with
cannulated screws is converted to hip arthroplasty [158], with revision being more
common in displaced femoral neck fractures than non-displaced fractures [159]. In non-
displaced intracapsular fractures, the Danish Registry as well as the FAITH and HEALTH
cohorts showed a higher early mortality but a lower reoperation rate with arthroplasty
[160-162]. Length of stay and operative time seem to be lower with internal fixation,
without differences in functional outcomes [161,163]. Two national randomized
controlled trials, the SENSE trial (Denmark) and the HipSTHeR trial (Sweden), are
currently underway to address these issues in non-displaced femoral neck fractures
[164,165].

Several studies suggest total hip arthroplasty (THA) offers lower mortality and
reoperation rates, a greater likelihood to be discharged home, discontinuation of walking
aids, and recovery of ADLs (activities of daily living), when compared with
hemiarthroplasty [166,167]; others show increased length of stay, operative time, blood
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loss and transfusion rates, and more medical and surgical complications with THA, while
outcome measures such as pain and functional recovery were similar [168-170]. A recent
meta-analysis observed a minimal non clinically-relevant improvement of HRQoL
(Health-Related Quality of Life) among patients treated with THA [171]. The recently
published HEALTH trial, which compared THA and HA over 24 months, did not find
differences in overall reoperation rates and dislocation rates; THA provided a clinically
unimportant improvement over hemiarthroplasty in function and quality of life [172]. The
National Institute for Health and Care Excellence (NICE) guidelines recommend total hip
replacement (THR) for patients with displaced intracapsular hip fractures who could walk
independently outside with no aids or with one stick, without cognitive impairment, and
ASA (American Society of Anaesthesiologists) grade <2. Only 1/3 of patients who satisfy
the NICE criteria receive a THA, and 40% of patients who undergo a THA do not fulfil
the criteria, with wide disparities including the hospital to which a patient is admitted,
socioeconomic status and weekend surgery [173-175].

Dislocation is the most common reason for revision after THA as well as HA [176].
Dislocation rates after hemiarthroplasty have been reported to be approximately 1.5%.
Dual mobility components offer a possible solution to cases with high risk of dislocation.
A systematic review of 23 studies showed that arthroplasties with dual mobility cups had
significantly lower dislocation rates than patients treated with conventional THA (OR
0.26; 95%CI: 0.08 to 0.79) and hemiarthroplasty (OR 0.27; 95% 0.15 to 0.50), without
increasing other complications [177]. Future prospective studies like the DUALITY
register-based randomized controlled trial [178] and cost-analysis and studies are required
to fully assess the potential benefit of this type of arthroplasty. Another issue of debate is
using cement fixation or not. Studies report a 0.27% risk of on-table mortality (0.67% at
24 hours) when implanting cemented arthroplasties for femoral neck fractures [179]. A
systematic review and meta-analysis including over 180.000 hemiarthroplasties showed
a higher cumulative odds of death within the first 48 hours after surgery in patients treated
with cemented stems (OR: 1.64; 95%CI: 1.35 to 2.00), but no differences beyond that
point [180]. Cementation reduces the risk of intra- and postoperative periprosthetic
fracture; there were no differences in the risk of other significant complications, function,
pain and quality of life [181-184]. A small randomized controlled trial of only 50 patients,
was terminated after observing a higher complication rate in the non-cemented group
(12% fractures, 20% conversion to cemented acetabula) [185].

Many studies suggest higher dislocation and revision rates with the posterior approach
[176,186-190], while others do not see any association. Registry studies even suggest
improved survival and decreased intraoperative complications, as well as differences
pain, satisfaction and quality of life favourable to the posterior approach versus the lateral
approach [191,192]. Anterolateral and posterolateral approaches seem to have similar
revision-free survival rates, and similar rates of revision for dislocation and periprosthetic
fractures [191,193,194], but the lateral approach seems to predispose to the need of
technical aids [188].

Extracapsular hip fractures
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Regarding internal fixation for extracapsular intertrochanteric fractures, evidence behind
the different implants used is weak considering the number of implants used worldwide.
Failure of internal fixation is the most common cause of revision; in a recent retrospective
study, ASA grade and the tip-apex distance are predictive of failure, while the type of
implant used for internal fixation was not found to be predictive of failure [195]. Cutout
rates are strongly related to the quality of reduction, more than the degree of osteoporosis,
age or type of fracture [196-198]. Patients treated with sliding hip screws (SHS) have
lower minor complication and transfusion rates and were more likely to go home than
patients treated with cephalomedullary nails, in spite of longer operative times and length
of stay, with similar functional outcomes and time to union [199-202]. Nails, and
especially long nails, are used progressively more in more complex types of fracture
[203], and there is a trend towards using more nails in lieu of SHS over time [204-206].
. Registry studies were unable to find any differences in all-cause revision or
periprosthetic fractures when comparing short to long cephalomedullary nails; long nails,
however, took longer to implant and led to more estimated blood loss and hospitalization
time; length of stay and mortality were similar [207-210]. A systematic review
comparing short and long nails for extracapsular hip fractures was unable to demonstrate
a clinically significant difference in outcome, and there is no good evidence to support
long over short intramedullary devices, according to the authors [211].

Older patients are unable to maintain weight-bearing restrictions [212]. Patients in whom
weight-bearing as tolerated is allowed postoperatively after internal fixation with SHS or
cephalomedullary nails, were less likely to be discharged to a non-home facility
regardless of treatment [213]. Patients treated with internal fixation also struggle more
than those treated with hip replacement to fully load the affected leg [214,215], and a
shorter time between operation and first mobilization is associated with lower
complication and mortality rates [215]. Regardless, patients with trochanteric fractures
and patients treated with internal fixation seem to have worse functional outcomes
[216,217]. Overall, internal fixation is also associated with a shorter length of stay and
hospital costs than joint replacement [218].

The WHITE cohort study performed in the United Kingdom showed a large variation in
quality of life following hip fracture; generally, quality of life was higher among patients
treated with internal fixation or total hip replacement, compared to hemiarthroplasty, but
pre-fracture quality of life varied considerably between hip fracture patients; it was
generally higher in younger patients, those with better mobility, and patients living more
independently; these characteristics could explain approximately one third of the
variation observed in quality of life [219].

Functional recovery

Orthogeriatric units can be defined as a transversal and multidisciplinary care model, with
the main objective of recovering of previous function in older patients with hip fracture.

Several aspects play a relevant role in the functional recovery after hip surgery in older
people. Awareness of the expected recovery following hip fracture is essential for setting
of realistic goals. An observational study of 733 patients aged >65 years with hip fracture
found a low rate of return to previous function, regardless of prefracture functional
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capacity. Return to independence in activities of daily living (ADLs) was less likely for
those >85 years old (20% vs. 44%), with dementia (8% vs. 39%) and with a Charlson
comorbidity index greater than 2 (23% vs 44%) [52]

Functional outcomes after a hip fragility fracture seem to depend more on patient
characteristics than treatment-related factors[220]. In a retrospective cohort study of 519
patients with hip fracture admitted to rehabilitation settings, it has been reported that both
delirium and clinical adverse events (infections, respiratory failure, pulmonary embolism,
falls) affected functional outcome. A clinical orthogeriatric approach is necessary in order
to minimize the impact of these adverse events on the rehabilitation program[221].

A correlation between grip strength measured early after hip fracture and subsequent short
and long-term functional recovery was found in a prospective cohort study that included
190 patients. Hand grip weakness was an independent predictor of worse functional
outcome 3 and 6 months after hip fracture [222].

Early mobilization after surgery for hip fracture reduces medical complications and
mortality. A higher time upright at discharge, measured in the first week after surgery,
was associated with less fear of falling, a higher gait speed and a faster Timed Up and Go
test time [223].

A single-blind controlled trial reported that a motivational interview conducted with hip
fracture patients after being discharged from rehabilitation was related to an increase in
physical activity and ambulation capacity [224].

The relationship between specific aspects of the rehabilitation program and functional
outcome has been examined in several studies. A randomized controlled trial showed that
a hospital rehabilitation program based on the training of specific balance tasks was useful
to improve physical function, pain, ADL and quality of life in older patients with hip
fracture [225]. Muscle quality (muscle mass and muscle strength) after a hip fracture
improved with high-intensity resistance training with the knee in extension in a case
series, possibly leading to significant gains in physical function [226].

A systematic review concluded that progressive resistance exercise after hip fracture
surgery improved mobility, ADLs, balance, lower extremity strength, and performance
task outcomes [227].

Second hip fracture

Approximately one third of patients with hip fractures have suffered another fragility
fracture previously [228]. 7 - 15% of patients admitted have a second hip fracture [229—
236], with an accumulated incidence of 1.2 — 3% in the first year and 9-10% at 8 years
[7,237-244], and can reach over 20% among patients with Alzheimer’s disease [245].
Time between hip fracture varies upon study methodology and observation period; some
authors state that over half of these occur in the first year after fracture [230,238] while
other suggest the median time between hip fractures is over 3 years [232,236]. In any
case, the risk of second fracture is highest in the first months after the initial fracture and
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decreases thereafter [241], and seems to be shorter among patients who had suffered
complications during the initial episode [246]. An increase in the rate of second hip
fractures increased from 1990 to 2005 was observed in Canada [233], but decreased by
10% annually between 1999 — 2009 in Spain [232], while it remained stable in the United
Kingdom [240].

Incidence of second hip fractures is greater among older patients
[232,234,235,237,247,248], and females [232,236,244,248]; other risk factors described
are dementia, malnutrition, Parkinson’s disease, cerebrovascular disease, hepatic disease,
osteoporosis, intrahospital pneumonia, urinary tract infection, higher Charlson
comorbidity index, increased length of stay (surrogate of comorbidity), initial trochanteric
fracture and initial treatment with an arthroplasty [232,234,236,239,244,248,249], but
also less dependent patients [250]. Patients using non-steroidal anti-inflammatory drugs
(NSAIDs) have a higher dose-dependent risk of second hip fracture [247,248]. Some
authors found no relation regarding destination at discharge [249], but others describe
living in a nursing home as a risk factor [232]; Cabalatungan reported more patients with
second hip fractures had been admitted from nursing homes [250].

Compared to patients who suffer a first hip fracture, patients with second hip fractures
are usually female, older, have extracapsular fractures and have poorer baseline mobility
[231,233,234,244,251]. Approximately two thirds of patients have the same type of
fracture on both occasions [236,252]; proximal femoral morphology may play a role in
this phenomenon [252].

After a second hip fracture, patients achieve lower mobility levels and are more likely to
be readmitted [229,231]. The time elapsed between fractures may influence functional
recovery [238]. Mortality is approximately 50% higher than for patients with first hip
fractures [229,237,238,241,253]. Downey was unable to find differences in mortality
between first and second hip fractures, as well as discharge destination, length of stay
[230], while van der Steenhoven observed patients were nearly twice as likely to be
discharged to nursing facilities following the second fracture [246].

Suffering a second hip fracture is a major driver of hospital costs following an initial hip
fracture, especially during the first year after the initial fracture [242]. Only 17% of
patients admitted with a second hip fracture had antiresorptive treatment [228,229]. While
a small single-center study suggested antiresorptive treatment might not protect against a
second contralateral fracture [254], administrative database studies and meta-analyses
show that patients with bisphosphonate treatment after the first fracture had a 40% lower
hazard rate of second hip fractures, even if adherence was not complete [255,256], as well
as an increased survival after bisphosphonate treatment [256]. However, another study
suggested Fracture Liaison Services had not reduced the rate of second hip fractures,
perhaps due to lack of treatment adherence and monitoring [7,240]. Another reason
second hip fractures have not declined is because the risk reduction due to secondary
prevention is countered by increased survival after the first fracture, and thus more
individuals at risk [7,240]. In a cohort of patients with Alzheimer’s disease, use of
cholinesterase inhibitors was associated with a 41% reduction in the rate of second hip
fractures, after adjustment [245].
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Some initiatives to prevent second hip fractures exist; an exoskeleton has been designed
to prevent falls and hip fractures; simulations suggest this may be cost effective only in
selected circumstances [257]. Other researchers are attempting to design implants or
augmentation to prevent contralateral fracture, but experience is mostly limited to
biomechanical studies [258].

Approximately one third of patients with hip fractures have suffered another fragility
fracture previously [228]. 7 - 15% of patients admitted have a second hip fracture [229—
236], with an accumulated incidence of 1.2 — 3% in the first year and 9-10% at 8 years
[7,237-244], and can reach over 20% among patients with Alzheimer’s disease [245].
Time between hip fracture varies upon study methodology and observation period; some
authors state that over half of these occur in the first year after fracture [230,238] while
other suggest the median time between hip fractures is over 3 years [232,236]. In any
case, the risk of second fracture is highest in the first months after the initial fracture and
decreases thereafter [241], and seems to be shorter among patients who had suffered
complications during the initial episode [246]. An increase in the rate of second hip
fractures increased from 1990 to 2005 was observed in Canada [233], but decreased by
10% annually between 1999 — 2009 in Spain [232], while it remained stable in the United
Kingdom [240].

Incidence of second hip fractures is greater among older patients
[232,234,235,237,247,248], and females [232,236,244,248]; other risk factors described
are dementia, malnutrition, Parkinson’s disease, cerebrovascular disease, hepatic disease,
osteoporosis, intrahospital pneumonia, urinary tract infection, higher Charlson
comorbidity index, increased length of stay (surrogate of comorbidity), initial trochanteric
fracture and initial treatment with an arthroplasty [232,234,236,239,244,248,249], but
also less dependent patients [250]. Patients using non-steroidal anti-inflammatory drugs
(NSAIDs) have a higher dose-dependent risk of second hip fracture [247,248]. Some
authors found no relation regarding destination at discharge [249], but others describe
living in a nursing home as a risk factor [232]; Cabalatungan reported more patients with
second hip fractures had been admitted from nursing homes [250].

Compared to patients who suffer a first hip fracture, patients with second hip fractures
are usually female, older, have extracapsular fractures and have poorer baseline mobility
[231,233,234,244,251]. Approximately two thirds of patients have the same type of
fracture on both occasions [236,252]; proximal femoral morphology may play a role in
this phenomenon [252].

After a second hip fracture, patients achieve lower mobility levels and are more likely to
be readmitted [229,231]. The time elapsed between fractures may influence functional
recovery [238]. Mortality is approximately 50% higher than for patients with first hip
fractures [229,237,238,241,253]. Downey was unable to find differences in mortality
between first and second hip fractures, as well as discharge destination, length of stay
[230], while van der Steenhoven observed patients were nearly twice as likely to be
discharged to nursing facilities following the second fracture [246].

Suffering a second hip fracture is a major driver of hospital costs following an initial hip
fracture, especially during the first year after the initial fracture [242]. Only 17% of
patients admitted with a second hip fracture had antiresorptive treatment [228,229]. While
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a small single-center study suggested antiresorptive treatment might not protect against a
second contralateral fracture [254], administrative database studies and meta-analyses
show that patients with bisphosphonate treatment after the first fracture had a 40% lower
hazard rate of second hip fractures, even if adherence was not complete [255,256], as well
as an increased survival after bisphosphonate treatment [256]. However, another study
suggested Fracture Liaison Services had not reduced the rate of second hip fractures,
perhaps due to lack of treatment adherence and monitoring [7,240]. Another reason
second hip fractures have not declined is because the risk reduction due to secondary
prevention is countered by increased survival after the first fracture, and thus more
individuals at risk [7,240]. In a cohort of patients with Alzheimer’s disease, use of
cholinesterase inhibitors was associated with a 41% reduction in the rate of second hip
fractures, after adjustment [245].

Some initiatives to prevent second hip fractures exist; an exoskeleton has been designed
to prevent falls and hip fractures; simulations suggest this may be cost effective only in
selected circumstances [257]. Other researchers are attempting to design implants or
augmentation to prevent contralateral fracture, but experience is mostly limited to
biomechanical studies [258].

Prognostic factors and mortality

Of 2443 patients included in a prospective cohort study included, 36.8% were receiving
treatment with beta-blocker therapy before surgery. The group treated with beta-blockers
was significantly older, had more comorbidities, and was less fit for surgery based on
their ASA score; despite these risk factors, .90-day mortality was significantly lower in
patients receiving beta-blockers (adjusted incidence rate ratio=0.82, 95%CI: 0.68 to 0.98,
p=0.03) [259].

Preoperative CGA with shared decision-making was compared in a before-after, single-
centre, retrospective study. Significantly more patients (or representatives) in the CGA
group chose non-surgical management after hip fracture (9.1% vs. 2.7%, p=0.008).
Patient characteristics were comparable. Reasons not to undergo surgery included
aversion to be more dependent on others and severe dementia [260].

Several studies have researched mortality after hip fracture and its risk factors. Baseline
characteristics explained less than two-thirds of the six-month mortality after hip fracture
in a retrospective observational study including 1010 individuals (mean age 86 (SD 6)
years). The six-month mortality rate was 14.8%. The six-month attributable mortality
estimates were as follows: baseline characteristics (including age, gender, comorbidities,
autonomy, type of fracture) accounted for 62.4%; perioperative factors (including blood
transfusion and delayed surgery) for 12.3%; and severe postoperative complications for
11.9% of attributable mortality [261].

One-year mortality in hip fracture patients from the Nan province (Thailand) was 19%,
6.21 times higher than expected compared with the age-matched population. Mortality
among hip fracture patients was also significantly higher among those aged older than 80
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years, non-ambulatory before the fracture and at hospital discharge, or suffering end-stage
renal disease, delirium, and pneumonia [262].

In a retrospective study of 254 patients (mean age, 78.74 years), one-year mortality was
22.8% (58 patients). Univariate analysis identified age >85 years, male gender, ASA
score >3, having >3 comorbidities, and a C Reactive Protein to albumin ratio (CAR) >2.49
were identified as mortality risk factors. The ASA score, CAR and number of
comorbidities were included in the binary logistic regression analysis to determine the
major predictors of 1-year mortality. The presence of a CAR >2.49 was found to be a
strong indicator for 1-year mortality in patients operated due to hip fracture in the elderly
population, while an ASA score >3 and the presence of >3 comorbidities were also related
to mortality [263].

A retrospective French cohort study of 309 patients studied risk factors for 1-tear
mortality, which was 23.9%. Over half had a surgical delay greater than 48 hours (181
patients, 58.6%). Factors independently associated with 1-year mortality were: advanced
age (HR=1.06, 95%CI: 1.01-1.12;,p =0.032), comorbidities as defined by the revised
cardiac index or Lee score >3 (HR=1,52, 95%CI: 1,05-2,20; p=0.026) and surgical delay
over 48 hours (HR=1.06, 95%CI1=1.01-1.11; p=0.024) [264].

Mortality at one year was 35% and was associated with low IADL day -15 (p< 0.01),
elevated CIRS-G (p< 0.01), severity (p=0.05) and malnutrition (p=0.05) in a prospective
study of 113 patients (mean age 87 years (range 76-100). Of those who survived, 45%
had a functional decline one year after the fracture and 11% were admitted in a nursing
home[265].

The HULP-HF score was designed to predict one-year mortality after hip fractures, using
a prospective study of 509 patients with a 1-year mortality of 23.2%. The eight
independent mortality risk factors included in the score were age >85 years, baseline
functional and cognitive impairment, low body mass index, heart disease, low hand-grip
strength, anaemia on admission, and secondary hyperparathyroidism associated with
vitamin D deficiency. The AUC was 0.79 for the HULP-HF score, greater than other tools
such as the Nottingham Hip Fracture Score (NHFS), ASA classification or Charlson
Comorbidity index [266].

Another study evaluated the usefulness of the Hip-MFS (Multidimensional Frailty Score)
to predict 6-month all-cause mortality. Secondary outcomes were 1-year all-cause
mortality, postoperative complications prolonged hospital stay, and institutionalization.
6-month mortality was 7.3% (35 patients), after a median of 2.9 months (interquartile
range 1.4-3.9 months). The fully adjusted hazard ratio per 1-point increase in Hip-MFS
was 1.46 (95%CI: 1.21-1.76) for 6-month mortality. The odds ratios for postoperative
complications and prolonged total hospital stay were 1.24 (95%CI: 1.12-1.38) and 1.16
(95%CI: 1.03-1.30), respectively. After adjustment, high-risk patients (Hip-MFS >8) had
a higher risk of 6-month mortality (HR: 3.55, 95%CI: 1.47-8.57) than low-risk patients.
The Hip-MFS successfully predicted 6-month mortality better than age or other existing
tools (p-values of comparisons of ROC curves: 0.002, 0.004, and 0.044 for the ASA
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classification, age and NHFS, respectively). It also predicted postoperative complications
and prolonged hospital stay in older hip fracture patients after surgery [267].

Costs

The acute and post-acute care of patients with an osteoporotic hip fracture pose a
significant burden for health care resources all over the world, involving up to 1.5% of
total health care budgets [268]. The cost of acute inpatient care of this type of fracture is
estimated globally at $13,331 according to a recent systematic review [269]. Costs were
significantly associated with prefracture comorbidities prior to fracture and developing a
medical or surgical complication during hospitalisation, due to an increase in the length
of stay.

The mean cost of hospitalisation of an osteoporotic hip fracture patient was SGD
13,313.81 in a retrospective analysis of patients admitted under a mature orthogeriatric
co-management care service In Singapore. The presence of complications significantly
increased average cost (SGD 2,689.99 more than if there were no complications). Each
additional day between admission and time of surgery led to an increased cost of SGD
575.89, with surgery after more than 48 hours costing an average of SGD 2,716.63 more
than surgery within 48 hours. The authors concluded that a standardised co-management
model of care could accelerate surgical treatment and help reduce peri- and postoperative
complications, reducing overall costs of these fractures [270].

A prospective, 12-month observational study from Spain calculated the mean total cost
in the first year after an osteoporotic hip fracture at €9690 (95%CI: 9184-10,197) in
women and €9019 (95&CI: 8079-9958) in men. Initial hospitalization was the. main
determinant of cost, followed by ambulatory care and home care [271]. The cost per day
of hospital stay has been estimated at €1000, so a delay of 1 day for hip surgery would
cost approximately 1800 € [268,272].

In addition to the direct costs derived from inpatient acute care, most of the costs for
osteoporotic hip fractures are associated with post-acute care, including the direct costs
for rehabilitation, medium and long-term care, and the indirect costs related with absence
from work of family caregivers [273,274]. All these contribute to total costs reaching
$43,669 per patient in the first year after a hip fracture, higher than those estimated for
acute coronary syndrome ($32,345) and ischaemic stroke ($34,772) [269].

Many initiatives have been created in order to improve outcomes and reduce costs in an
attempt to alleviate this overall burden of health care systems. The implementation of the
orthogeriatric co-management model of care, integrated in specific functional units, has
been a vital tool to improve outcomes [275].

The implementation of orthogeriatric programs has been shown by several studies to offer
greater cost-effectiveness than usual care, decreasing surgical delay, length of stay and
improving physical function, with a decrease in one-year morbidity and mortality, while
using fewer resources per patient and saving money [276,277], as has also been shown in
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systematic reviews and meta-analysis that associated orthogeriatric programs with
decreases in time to surgery, LOS, complication rates and costs [32,278].

Another recent study evaluated the cost-effectiveness of orthogeriatric models and nurse-
led fracture liaison services (FLS), compared with usual care. Orthogeriatric models of
care were the most effective and cost-effective models, at a threshold of £30,000 per
quality-adjusted life years gained (QALY). The authors concluded that introducing an
orthogeriatric model of care and a FLS was cost-effective when compared with usual
care, regardless of how patients were stratified in terms of age, sex, and Charlson
comorbidity score at the moment of index hip fracture [279].

A systematic review of 8 studies (2 high-quality and 6 moderate or low-quality studies)
showed that the implementation of Comprehensive Geriatric Assessment (CGA)
improved return of function and mortality, with reduced cost. The authors concluded that
CGA was the most cost-effective care model for orthogeriatric patients [280].

The effect of orthogeriatric clinical care pathways (OG-CCPs) on physical function and
health-related quality of life (HRQoL) following hip fracture was evaluated in a
systematic review and meta-analysis that included 22 studies (21 included hip fracture
patients, and 1 included wrist fracture patients; the majority were assessed as high
quality). Compared with usual care, the OG-CCP group showed moderate improvements
in physical function and HRQoL. Inpatient OG-CCPs that extended to the outpatient
setting showed greater improvements compared to those that only included inpatient or
outpatient management. OG-CCPs that incorporated a care coordinator, geriatric
assessment, nutritional advice, prevention of inpatient complications, rehabilitation, and
discharge planning also demonstrated greater improvements in outcomes [32].

Though certain questions remain open regarding which model of care should be
considered ideal, implementation of an orthogeriatric co-management model of care,
integrated in specific functional units, benefits older patients with hip fractures,
improving standards of care in a cost-effective manner. Because of that we undoubtedly
recommend developing orthogeriatric units as a standard of care of older patients with
this type of fracture [281].

Future perspectives and lines of research

Some recent publications should be mentioned that evaluate the role of advanced practice
nurses in the management of hip fracture patients in reducing length of stay and mortality,
as in a systematic review by Allsop et al that included 19 papers [282]. Nurses could play
an important role in the multidisciplinary team, for example as coordinator or case
manager, improving bone health assessment and falls prevention programs in Fracture
Liaison Services (FLS).

The effect of different models of orthogeriatric care for older hip fracture patients was
compared to usual orthopaedic care in a meta-analysis and showed that orthogeriatric care
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was associated with higher odds of diagnosing osteoporosis, initiation of calcium and
vitamin D supplements and discharge on anti-osteoporosis medication, but evidence on
fall prevention and subsequent fractures was scarce and inconclusive.[283] Future studies
could assess combination of orthogeriatric care and FLS with orthogeriatric care alone.
Another area of interest is reducing inequity in research regarding rehabilitation
interventions in hip fracture patients. In over half of the trials included in a systematic
review, potential participants were excluded based on residency in a nursing home,
cognitive impairment, mobility/functional impairment, minimum age and/or non-surgical
candidacy [284]. These sources of bias should be avoided in future studies.

Conclusions

Over the past 70 years, orthogeriatric units have enabled major improvements in the
standards of care provided to geriatric patients admitted at hospital due to hip fracture.
Increased survival and functional recovery rates have been reported across these years, as
well as decreased complications and adverse events during hospitalisation, such as the
incidence of infections and geriatric syndromes. All these points have led to a decrease in
the length of stay and health and social costs. A large number of clinical trials and meta-
analyses published over the last 5 years support this evidence.

Nevertheless, there are still knowledge gaps regarding specific clinical issues; peripheral
nerve blocks have shown favourable results in meta-analysis, but their use is not
widespread in usual clinical practice. The management of anaemia is other important
point; intravenous iron and red cells transfusion are part of standard clinical practice, with
more or less established thresholds for transfusion, but the role of erythropoietin remains
unclear. Likewise, FLS units have reported an important reduction in the incidence of
falls and fractures, but remain to be implemented in many regions. Furthermore, lack of
continuity of care after hospital discharge is still common nowadays. While future studies
are needed to help answer these open questions but we could ask ourselves if we should
apply the strong evidence available in our routine in the meantime, as well.

Acknowledgments:
The authors who thank Amgen-UCB Pharma for sponsoring the expenses derived from
the publication of this manuscript.


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

References:

1. Johnell, O.; Kanis, J.A. An Estimate of the Worldwide Prevalence, Mortality and
Disability Associated with Hip Fracture. Osteoporos Int 2004, 15, 897-902,
d0i:10.1007/s00198-004-1627-0.

2. Cooper, C.; Campion, G.; Melton, L.J. Hip Fractures in the Elderly: A World-
Wide Projection. Osteoporos Int 1992, 2, 285-289.

3. Lauritzen, J.B.; Schwarz, P.; Lund, B.; McNair, P.; Transbgl, 1. Changing
Incidence and Residual Lifetime Risk of Common Osteoporosis-Related Fractures.
Osteoporos Int 1993, 3, 127-132, doi:10.1007/BF01623273.

4. Aschkenasy, M.T.; Rothenhaus, T.C. Trauma and Falls in the Elderly. Emerg
Med Clin North Am 2006, 24, 413-432, vii, d0i:10.1016/j.emc.2006.01.005.

5. Roche, J.J.W.; Wenn, R.T.; Sahota, O.; Moran, C.G. Effect of Comorbidities and
Postoperative Complications on Mortality after Hip Fracture in Elderly People:
Prospective Observational Cohort Study. BMJ 2005, 331, 1374,
d0i:10.1136/bmj.38643.663843.55.

6. Morris, A.H.; Zuckerman, J.D.; AAOS Council of Health Policy and Practice,
USA. American Academy of Orthopaedic Surgeons National Consensus Conference on
Improving the Continuum of Care for Patients with Hip Fracture. J Bone Joint Surg Am
2002, 84, 670-674, doi:10.2106/00004623-200204000-00027.

7. Hawley, S.; Javaid, M.K.; Prieto-Alhambra, D.; Lippett, J.; Sheard, S.; Arden,
N.K.; Cooper, C.; Judge, A.; REFReSH study group Clinical Effectiveness of
Orthogeriatric and Fracture Liaison Service Models of Care for Hip Fracture Patients:
Population-Based Longitudinal Study. Age Ageing 2016, 45, 236242,
doi:10.1093/ageing/afv204.

8. Bertram, M.; Norman, R.; Kemp, L.; Vos, T. Review of the Long-Term
Disability Associated with Hip Fractures. Inj Prev 2011, 17, 365-370,
doi:10.1136/ip.2010.029579.

9. Braithwaite, R.S.; Col, N.F.; Wong, J.B. Estimating Hip Fracture Morbidity,
Mortality and Costs. J Am Geriatr Soc 2003, 51, 364-370.

10. Magaziner, J.; Hawkes, W.; Hebel, J.R.; Zimmerman, S.1.; Fox, K.M.; Dolan,
M.; Felsenthal, G.; Kenzora, J. Recovery from Hip Fracture in Eight Areas of Function.
J Gerontol A Biol Sci Med Sci 2000, 55, M498-507, doi:10.1093/gerona/55.9.m498.

11.  Tarazona-Santabalbina, F.J.; Belenguer-Varea, A.; Rovira-Daudi, E.; Salcedo-


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

Mahiques, E.; Cuesta-Peredo, D.; Doménech-Pascual, J.R.; Salvador-Pérez, M.1.;
Avellana-Zaragoza, J.A. Early Interdisciplinary Hospital Intervention for Elderly
Patients with Hip Fractures : Functional Outcome and Mortality. Clinics (Sao Paulo)
2012, 67, 547-556, doi:10.6061/clinics/2012(06)02.

12. Leibson, C.L.; Tosteson, A.N.A.; Gabriel, S.E.; Ransom, J.E.; Melton, L.J.
Mortality, Disability, and Nursing Home Use for Persons with and without Hip
Fracture: A Population-Based Study. J Am Geriatr Soc 2002, 50, 16441650,
doi:10.1046/j.1532-5415.2002.50455.x.

13.  Devas, M. Geriatric Orthopaedics; Academic Press: London, 1977;

14.  Sabharwal, S.; Wilson, H. Orthogeriatrics in the Management of Frail Older
Patients with a Fragility Fracture. Osteoporos Int 2015, 26, 2387-2399,
d0i:10.1007/s00198-015-3166-2.

15.  Khasraghi, F.A.; Christmas, C.; Lee, E.J.; Mears, S.C.; Wenz, J.F. Effectiveness
of a Multidisciplinary Team Approach to Hip Fracture Management. J Surg Orthop Adv
2005, 14, 27-31.

16.  Vidan, M.; Serra, J.A.; Moreno, C.; Riquelme, G.; Ortiz, J. Efficacy of a
Comprehensive Geriatric Intervention in Older Patients Hospitalized for Hip Fracture:
A Randomized, Controlled Trial. J Am Geriatr Soc 2005, 53, 14761482,
doi:10.1111/j.1532-5415.2005.53466.X.

17.  Friedman, S.M.; Mendelson, D.A.; Bingham, K.W.; Kates, S.L. Impact of a
Comanaged Geriatric Fracture Center on Short-Term Hip Fracture Outcomes. Arch.
Intern. Med. 2009, 169, 1712-1717, doi:10.1001/archinternmed.2009.321.

18.  Tarazona-Santabalbina, F.J.; Belenguer-Varea, A.; Rovira, E.; Cuesta-Peredo, D.
Orthogeriatric Care: Improving Patient Outcomes. Clin Interv Aging 2016, 11, 843-856,
doi:10.2147/CIA.S72436.

19.  De Rui, M.; Veronese, N.; Manzato, E.; Sergi, G. Role of Comprehensive
Geriatric Assessment in the Management of Osteoporotic Hip Fracture in the Elderly:
An Overview. Disabil Rehabil 2013, 35, 758-765, doi:10.3109/09638288.2012.707747.

20.  Pillai, A.; Eranki, V.; Shenoy, R.; Hadidi, M. Age Related Incidence and Early
Outcomes of Hip Fractures: A Prospective Cohort Study of 1177 Patients. J Orthop
Surg Res 2011, 6, 5, doi:10.1186/1749-799X-6-5.

21.  Wilson, H.; Harding, K.; Sahota, O. Best Practice Tariff for Hip Fracture-
Making Ends Meet. British Geriatrics Society Newsletter June 2010.

22.  Payment by Results Guidance for 2013-2014.

23. National Institute for Health and Care Excellence Quality Standards for Hip
Fracture 2012.

24. Fernandez, M.A.; Griffin, X.L.; Costa, M.L. Management of Hip Fracture. Br
Med Bull 2015, 115, 165-172, doi:10.1093/bmb/ldv036.

25.  Grigoryan, K.V.; Javedan, H.; Rudolph, J.L. Orthogeriatric Care Models and


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

Outcomes in Hip Fracture Patients: A Systematic Review and Meta-Analysis. J Orthop
Trauma 2014, 28, e49-55, doi:10.1097/BOT.0b013e3182a5a045.

26.  Komadina, R.; Wendt, K.W.; Holzer, G.; Kocjan, T. Outcome Parameters in
Orthogeriatric Co-management - a Mini-Review. Wien Klin Wochenschr 2016, 128,
492-496, doi:10.1007/s00508-016-1118-2.

27.  Baroni, M.; Serra, R.; Boccardi, V.; Ercolani, S.; Zengarini, E.; Casucci, P.;
Valecchi, R.; Rinonapoli, G.; Caraffa, A.; Mecocci, P.; et al. The Orthogeriatric
Comanagement Improves Clinical Outcomes of Hip Fracture in Older Adults.
Osteoporos Int 2019, 30, 907-916, doi:10.1007/s00198-019-04858-2.

28.  Ojeda-Thies, C.; Séez-Lopez, P.; Currie, C.T.; Tarazona-Santalbina, F.J.;
Alarcén, T.; Mufioz-Pascual, A.; Pareja, T.; Gdmez-Campelo, P.; Montero-Fernandez,
N.; Mora-Fernandez, J.; et al. Spanish National Hip Fracture Registry (RNFC): Analysis
of Its First Annual Report and International Comparison with Other Established
Registries. Osteoporos Int 2019, 30, 1243-1254, doi:10.1007/s00198-019-04939-2.

29.  Pincus, D.; Ravi, B.; Wasserstein, D.; Huang, A.; Paterson, J.M.; Nathens, A.B.;
Kreder, H.J.; Jenkinson, R.J.; Wodchis, W.P. Association Between Wait Time and 30-
Day Mortality in Adults Undergoing Hip Fracture Surgery. JAMA 2017, 318, 1994—
2003, d0i:10.1001/jama.2017.17606.

30.  Aletto, C.; Aicale, R.; Pezzuti, G.; Bruno, F.; Maffulli, N. Impact of an
Orthogeriatrician on Length of Stay of Elderly Patient with Hip Fracture. Osteoporos
Int 2020, 31, 2161-2166, doi:10.1007/s00198-020-05510-0.

31.  Lin, S.-N.; Su, S.-F.; Yeh, W.-T. Meta-Analysis: Effectiveness of
Comprehensive Geriatric Care for Elderly Following Hip Fracture Surgery. West J Nurs
Res 2020, 42, 293-305, doi:10.1177/0193945919858715.

32. Talevski, J.; Sanders, K.M.; Duque, G.; Connaughton, C.; Beauchamp, A.;
Green, D.; Millar, L.; Brennan-Olsen, S.L. Effect of Clinical Care Pathways on Quality
of Life and Physical Function After Fragility Fracture: A Meta-Analysis. J Am Med Dir
Assoc 2019, 20, 926.e1-926.e11, doi:10.1016/j.jamda.2019.02.022.

33.  Yang, Y.; Zhao, X.; Gao, L.; Wang, Y.; Wang, J. Incidence and Associated
Factors of Delirium after Orthopedic Surgery in Elderly Patients: A Systematic Review
and Meta-Analysis. Aging Clin Exp Res 2020, doi:10.1007/s40520-020-01674-1.

34. Poeran, J.; Cozowicz, C.; Zubizarreta, N.; Weinstein, S.M.; Deiner, S.G.;
Leipzig, R.M.; Friedman, J.1.; Liu, J.; Mazumdar, M.; Memtsoudis, S.G. Modifiable
Factors Associated with Postoperative Delirium after Hip Fracture Repair: An Age-
Stratified Retrospective Cohort Study. Eur J Anaesthesiol 2020, 37, 649-658,
doi:10.1097/EJA.0000000000001197.

35.  Tao, L.; Xiaodong, X.; Qiang, M.; Jiao, L.; Xu, Z. Prediction of Postoperative
Delirium by Comprehensive Geriatric Assessment among Elderly Patients with Hip
Fracture. Ir J Med Sci 2019, 188, 1311-1315, doi:10.1007/s11845-019-02011-w.

36.  Aldwikat, R.K.; Manias, E.; Nicholson, P. Incidence and Risk Factors for Acute
Delirium in Older Patients with a Hip Fracture: A Retrospective Cohort Study. Nurs


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

Health Sci 2020, 22, 958-966, doi:10.1111/nhs.12753.

37. Pioli, G.; Bendini, C.; Giusti, A.; Pignedoli, P.; Cappa, M.; lotti, E.; Ferri, M.A,;
Bergonzini, E.; Sabetta, E. Surgical Delay Is a Risk Factor of Delirium in Hip Fracture

Patients with Mild-Moderate Cognitive Impairment. Aging Clin Exp Res 2019, 31, 41—

47, doi:10.1007/s40520-018-0985-y.

38. Yang, Y.; Zhao, X.; Dong, T.; Yang, Z.; Zhang, Q.; Zhang, Y. Risk Factors for
Postoperative Delirium Following Hip Fracture Repair in Elderly Patients: A
Systematic Review and Meta-Analysis. Aging Clin Exp Res 2017, 29, 115-126,
doi:10.1007/s40520-016-0541-6.

39. Smith, T.O.; Cooper, A.; Peryer, G.; Griffiths, R.; Fox, C.; Cross, J. Factors
Predicting Incidence of Post-Operative Delirium in Older People Following Hip
Fracture Surgery: A Systematic Review and Meta-Analysis. Int J Geriatr Psychiatry
2017, 32, 386-396, doi:10.1002/gps.4655.

40.  Hamilton, G.M.; Wheeler, K.; Di Michele, J.; Lalu, M.M.; Mclsaac, D.I. A
Systematic Review and Meta-Analysis Examining the Impact of Incident Postoperative
Delirium on Mortality. Anesthesiology 2017, 127, 78-88,
doi:10.1097/ALN.0000000000001660.

41. Mazzola, P.; Ward, L.; Zazzetta, S.; Broggini, V.; Anzuini, A.; Valcarcel, B.;
Brathwaite, J.S.; Pasinetti, G.M.; Bellelli, G.; Annoni, G. Association Between
Preoperative Malnutrition and Postoperative Delirium After Hip Fracture Surgery in
Older Adults. J Am Geriatr Soc 2017, 65, 1222-1228, doi:10.1111/jgs.14764.

42.  Monacelli, F.; Pizzonia, M.; Signori, A.; Nencioni, A.; Giannotti, C.; Minaglia,
C.; Granello di Casaleto, T.; Podesta, S.; Santolini, F.; Odetti, P. The In-Hospital
Length of Stay after Hip Fracture in Octogenarians: Do Delirium and Dementia Shape a
New Care Process? J Alzheimers Dis 2018, 66, 281-288, doi:10.3233/JAD-180153.

43. Radinovic, K.S.; Markovic-Denic, L.; Dubljanin-Raspopovic, E.; Marinkovic, J.;
Jovanovic, L.B.; Bumbasirevic, V. Effect of the Overlap Syndrome of Depressive
Symptoms and Delirium on Outcomes in Elderly Adults with Hip Fracture: A
Prospective Cohort Study. J Am Geriatr Soc 2014, 62, 1640-1648,
doi:10.1111/jgs.12992.

44,  Shields, L.; Henderson, V.; Caslake, R. Comprehensive Geriatric Assessment for
Prevention of Delirium After Hip Fracture: A Systematic Review of Randomized
Controlled Trials. J Am Geriatr Soc 2017, 65, 1559-1565, doi:10.1111/jgs.14846.

45.  Wang, Y.; Tang, J.; Zhou, F.; Yang, L.; Wu, J. Comprehensive Geriatric Care
Reduces Acute Perioperative Delirium in Elderly Patients with Hip Fractures: A Meta-
Analysis. Medicine (Baltimore) 2017, 96, e7361, doi:10.1097/MD.0000000000007361.

46. Ravi, B.; Pincus, D.; Choi, S.; Jenkinson, R.; Wasserstein, D.N.; Redelmeier,
D.A. Association of Duration of Surgery With Postoperative Delirium Among Patients
Receiving Hip Fracture Repair. JAMA Netw Open 2019, 2, e190111,
doi:10.1001/jamanetworkopen.2019.0111.

47. Hack, J.; Eschbach, D.; Aigner, R.; Oberkircher, L.; Ruchholtz, S.; Bliemel, C.;


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

Buecking, B. Medical Complications Predict Cognitive Decline in Nondemented Hip
Fracture Patients-Results of a Prospective Observational Study. J Geriatr Psychiatry
Neurol 2018, 31, 84-89, do0i:10.1177/0891988718760240.

48.  Seitz, D.P.; Adunuri, N.; Gill, S.S.; Rochon, P.A. Prevalence of Dementia and
Cognitive Impairment among Older Adults with Hip Fractures. J Am Med Dir Assoc
2011, 12, 556-564, d0i:10.1016/j.jamda.2010.12.001.

49.  Yiannopoulou, K.G.; Anastasiou, I.P.; Ganetsos, T.K.; Efthimiopoulos, P.;
Papageorgiou, S.G. Prevalence of Dementia in Elderly Patients with Hip Fracture. Hip
Int 2012, 22, 209-213, doi:10.5301/HIP.2012.9229.

50.  Delgado, A.; Cordero G-G, E.; Marcos, S.; Cordero-Ampuero, J. Influence of

Cognitive Impairment on Mortality, Complications and Functional Outcome after Hip
Fracture: Dementia as a Risk Factor for Sepsis and Urinary Infection. Injury 2020, 51
Suppl 1, S19-S24, doi:10.1016/j.injury.2020.02.009.

51.  Tarazona-Santabalbina, F.J.; Belenguer-Varea, A.; Rovira Daudi, E.; Salcedo
Mahiques, E.; Cuesta Peredo, D.; Doménech-Pascual, J.R.; Gac Espinola, H.; Avellana
Zaragoza, J.A. Severity of Cognitive Impairment as a Prognostic Factor for Mortality
and Functional Recovery of Geriatric Patients with Hip Fracture. Geriatr Gerontol Int
2015, 15, 289295, d0i:10.1111/9gi.12271.

52. Tang, V.L.; Sudore, R.; Cenzer, I.S.; Boscardin, W.J.; Smith, A.; Ritchie, C.;
Wallhagen, M.; Finlayson, E.; Petrillo, L.; Covinsky, K. Rates of Recovery to Pre-
Fracture Function in Older Persons with Hip Fracture: An Observational Study. J Gen
Intern Med 2017, 32, 153-158, doi:10.1007/s11606-016-3848-2.

53.  Yoshii, I.; Satake, Y.; Kitaoka, K.; Komatsu, M.; Hashimoto, K. Relationship
between Dementia Degree and Gait Ability after Surgery of Proximal Femoral Fracture:
Review from Clinical Pathway with Regional Alliance Data of Rural Region in Japan. J
Orthop Sci 2016, 21, 481-486, doi:10.1016/j.j0s.2016.03.005.

54.  Shibasaki, K.; Asahi, T.; Mizobuchi, K.; Akishita, M.; Ogawa, S. Rehabilitation
Strategy for Hip Fracture, Focused on Behavioral Psychological Symptoms of Dementia
for Older People with Cognitive Impairment: A Nationwide Japan Rehabilitation
Database. PLoS One 2018, 13, €0200143, doi:10.1371/journal.pone.0200143.

55.  Zerah, L.; Cohen-Bittan, J.; Raux, M.; Meziere, A.; Tourette, C.; Neri, C.;
Verny, M.; Riou, B.; Khiami, F.; Boddaert, J. Association between Cognitive Status
before Surgery and Outcomes in Elderly Patients with Hip Fracture in a Dedicated
Orthogeriatric Care Pathway. J Alzheimers Dis 2017, 56, 145-156, doi:10.3233/JAD-
160655.

56.  Ogunwale, A.N.; Colon-Emeric, C.S.; Sloane, R.; Adler, R.A.; Lyles, KW.;
Lee, R.H. Acetylcholinesterase Inhibitors Are Associated with Reduced Fracture Risk
among Older Veterans with Dementia. J Bone Miner Res 2020, 35, 440-445,
doi:10.1002/jbmr.3916.

57.  Wu, Q.; Liu, J.; Gallegos-Orozco, J.F.; Hentz, J.G. Depression, Fracture Risk,
and Bone Loss: A Meta-Analysis of Cohort Studies. Osteoporos Int 2010, 21, 1627—


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

1635, doi:10.1007/s00198-010-1181-x.

58. van de Ree, C.L.P.; de Munter, L.; Biesbroeck, B.H.H.; Kruithof, N.; Gosens,
T.; de Jongh, M. a. C. The Prevalence and Prognostic Factors of Psychological Distress
in Older Patients with a Hip Fracture: A Longitudinal Cohort Study. Injury 2020, 51,
2668-2675, doi:10.1016/j.injury.2020.07.049.

59.  Charles-Lozoya, S.; Cobos-Aguilar, H.; Barba-Gutiérrez, E.; Brizuela-Ventura,
J.M.; Chavez-Valenzuela, S.; Garcia-Hernandez, A.; Tamez-Montes, J.C. Depression
and Geriatric Assessment in Older People Admitted for Hip Fracture. Rev Med Chil
2019, 147, 1005-1012, doi:10.4067/S0034-98872019000801005.

60.  Tseng, M.-Y.; Shyu, Y.-I.L.; Liang, J.; Tsai, W.-C. Interdisciplinary Intervention
Reduced the Risk of Being Persistently Depressive among Older Patients with Hip
Fracture. Geriatr Gerontol Int 2016, 16, 1145-1152, d0i:10.1111/ggi.12617.

61.  Zusman, E.Z.; McAllister, M.M.; Chen, P.; Guy, P.; Hanson, H.M.; Merali, K_;
Brasher, P.M.A.; Cook, W.L.; Ashe, M.C. Incontinence and Nocturia in Older Adults
After Hip Fracture: Analysis of a Secondary Outcome for a Parallel Group, Randomized
Controlled Trial. Gerontol Geriatr Med 2017, 3, 2333721417709578,
doi:10.1177/2333721417709578.

62. Schluter, P.J.; Askew, D.A.; Jamieson, H.A.; Arnold, E.P. Urinary and Fecal
Incontinence Are Independently Associated with Falls Risk among Older Women and
Men with Complex Needs: A National Population Study. Neurourol Urodyn 2020, 39,
945-953, d0i:10.1002/nau.24266.

63.  Nuotio, M.S.; Luukkaala, T.; Tammela, T. Elevated Post-Void Residual VVolume
in a Geriatric Post-Hip Fracture Assessment in Women-Associated Factors and Risk of
Mortality. Aging Clin Exp Res 2019, 31, 75-83, doi:10.1007/s40520-018-0946-5.

64.  Cialic, R.; Shvedov, V.; Lerman, Y. Risk Factors for Urinary Retention
Following Surgical Repair of Hip Fracture in Female Patients. Geriatr Orthop Surg
Rehabil 2017, 8, 3943, doi:10.1177/2151458516683507.

65.  Morri, M.; Chiari, P.; Forni, C.; Orlandi Magli, A.; Gazineo, D.; Franchini, N.;
Marconato, L.; Giamboi, T.; Cotti, A. What Factors Are Associated With the Recovery
of Autonomy After a Hip Fracture? A Prospective, Multicentric Cohort Study. Arch
Phys Med Rehabil 2018, 99, 893-899, d0i:10.1016/j.apmr.2018.01.021.

66.  Trads, M.; Pedersen, P.U. Constipation and Defecation Pattern the First 30 Days
after Hip Fracture. Int J Nurs Pract 2015, 21, 598-604, do0i:10.1111/ijn.12312.

67.  Trads, M.; Deutch, S.R.; Pedersen, P.U. Supporting Patients in Reducing
Postoperative Constipation: Fundamental Nursing Care - a Quasi-Experimental Study.
Scand J Caring Sci 2018, 32, 824-832, d0i:10.1111/scs.12513.

68. Bohl, D.D.; Shen, M.R.; Hannon, C.P.; Fillingham, Y.A.; Darrith, B.; Della
Valle, C.J. Serum Albumin Predicts Survival and Postoperative Course Following
Surgery for Geriatric Hip Fracture. J Bone Joint Surg Am 2017, 99, 2110-2118,
doi:10.2106/JBJS.16.01620.


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

69.  Malafarina, V.; Reginster, J.-Y.; Cabrerizo, S.; Bruyere, O.; Kanis, J.A.;
Martinez, J.A.; Zulet, M.A. Nutritional Status and Nutritional Treatment Are Related to
Outcomes and Mortality in Older Adults with Hip Fracture. Nutrients 2018, 10,
d0i:10.3390/nu10050555.

70.  Nuotio, M.; Tuominen, P.; Luukkaala, T. Association of Nutritional Status as
Measured by the Mini-Nutritional Assessment Short Form with Changes in Mobility,
Institutionalization and Death after Hip Fracture. Eur J Clin Nutr 2016, 70, 393-398,
doi:10.1038/ejcn.2015.174.

71. Diaz de Bustamante, M.; Alarcon, T.; Menéndez-Colino, R.; Ramirez-Martin,
R.; Otero, A.; Gonzalez-Montalvo, J.I. Prevalence of Malnutrition in a Cohort of 509
Patients with Acute Hip Fracture: The Importance of a Comprehensive Assessment. Eur
J Clin Nutr 2018, 72, 77-81, doi:10.1038/ejcn.2017.72.

72.  Helminen, H.; Luukkaala, T.; Saarnio, J.; Nuotio, M.S. Predictive Value of the
Mini-Nutritional Assessment Short Form (MNA-SF) and Nutritional Risk Screening
(NRS2002) in Hip Fracture. Eur J Clin Nutr 2019, 73, 112-120, doi:10.1038/s41430-
018-0267-y.

73.  Inoue, T.; Misu, S.; Tanaka, T.; Kakehi, T.; Ono, R. Acute Phase Nutritional
Screening Tool Associated with Functional Outcomes of Hip Fracture Patients: A
Longitudinal Study to Compare MNA-SF, MUST, NRS-2002 and GNRI. Clin Nutr
2019, 38, 220226, d0i:10.1016/j.cInu.2018.01.030.

74.  Koren-Hakim, T.; Weiss, A.; Hershkovitz, A.; Otzrateni, I.; Anbar, R.; Gross
Nevo, R.F.; Schlesinger, A.; Frishman, S.; Salai, M.; Beloosesky, Y. Comparing the
Adequacy of the MNA-SF, NRS-2002 and MUST Nutritional Tools in Assessing
Malnutrition in Hip Fracture Operated Elderly Patients. Clin Nutr 2016, 35, 1053-1058,
d0i:10.1016/j.cInu.2015.07.014.

75.  Nishioka, S.; Wakabayashi, H.; Momosaki, R. Nutritional Status Changes and
Activities of Daily Living after Hip Fracture in Convalescent Rehabilitation Units: A
Retrospective Observational Cohort Study from the Japan Rehabilitation Nutrition
Database. J Acad Nutr Diet 2018, 118, 1270-1276, doi:10.1016/j.jand.2018.02.012.

76. Mendelson, G.; Katz, Y.; Shahar, D.R.; Bar, O.; Lehman, Y.; Spiegel, D.;
Ochayon, Y.; Shavit, N.; Mimran Nahon, D.; Radinski, Y.; et al. Nutritional Status and
Osteoporotic Fracture Rehabilitation Outcomes in Older Adults. J Nutr Gerontol
Geriatr 2018, 37, 231-240, doi:10.1080/21551197.2018.1496513.

77. Inoue, T.; Misu, S.; Tanaka, T.; Sakamoto, H.; lwata, K.; Chuman, Y.; Ono, R.
Pre-Fracture Nutritional Status Is Predictive of Functional Status at Discharge during
the Acute Phase with Hip Fracture Patients: A Multicenter Prospective Cohort Study.
Clin Nutr 2017, 36, 1320-1325, doi:10.1016/j.cInu.2016.08.021.

78. Beauchamp-Chalifour, P.; Belzile, E.L.; Racine, L.-C.; Nolet, M.-P.; Lemire, S.;
Jean, S.; Pelet, S. The Long-Term Postoperative Trajectory of Geriatric Patients
Admitted for a Hip Fracture: A Prospective Observational Cohort Study. Orthop
Traumatol Surg Res 2020, 106, 621625, doi:10.1016/j.0tsr.2019.11.017.


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

79.  Torbergsen, A.C.; Watne, L.O.; Frihagen, F.; Wyller, T.B.; Mowe, M. Effects of
Nutritional Intervention upon Bone Turnover in Elderly Hip Fracture Patients.
Randomized Controlled Trial. Clin Nutr ESPEN 2019, 29, 52-58,
doi:10.1016/j.clnesp.2017.11.012.

80. Malafarina, V.; Malafarina, C.; Biain Ugarte, A.; Martinez, J.A.; Abete Gofii, I.;
Zulet, M.A. Factors Associated with Sarcopenia and 7-Year Mortality in Very Old
Patients with Hip Fracture Admitted to Rehabilitation Units: A Pragmatic Study.
Nutrients 2019, 11, doi:10.3390/nu11092243.

81.  Gonzalez-Montalvo, J.1.; Alarcon, T.; Gotor, P.; Queipo, R.; Velasco, R.; Hoyos,
R.; Pardo, A.; Otero, A. Prevalence of Sarcopenia in Acute Hip Fracture Patients and Its
Influence on Short-Term Clinical Outcome. Geriatr Gerontol Int 2016, 16, 1021-1027,
doi:10.1111/ggi.12590.

82.  Ha, Y.-C.; Won Won, C.; Kim, M.; Chun, K.-J.; Y00, J.-l. SARC-F as a Useful
Tool for Screening Sarcopenia in Elderly Patients with Hip Fractures. J Nutr Health
Aging 2020, 24, 78-82, doi:10.1007/s12603-019-1307-6.

83. Landi, F.; Calvani, R.; Ortolani, E.; Salini, S.; Martone, A.M.; Santoro, L.;
Santoliquido, A.; Sisto, A.; Picca, A.; Marzetti, E. The Association between Sarcopenia
and Functional Outcomes among Older Patients with Hip Fracture Undergoing In-
Hospital Rehabilitation. Osteoporos Int 2017, 28, 1569-1576, doi:10.1007/s00198-017-
3929-z.

84.  vande Ree, C.L.P.; Landers, M.J.F.; Kruithof, N.; de Munter, L.; Slaets, J.P.J.;
Gosens, T.; de Jongh, M.A.C. Effect of Frailty on Quality of Life in Elderly Patients
after Hip Fracture: A Longitudinal Study. BMJ Open 2019, 9, 025941,
doi:10.1136/bmjopen-2018-025941.

85.  Rajeev, A; Anto, J. The Role of Edmonton Frailty Scale and Asa Grade in the
Assessment of Morbidity and Mortality after Fracture Neck of Femur in Elderly. Acta
Orthop Belg 2019, 85, 346-351.

86.  Winters, A.M.; Hartog, L.C.; Roijen, H.; Brohet, R.M.; Kamper, A.M.
Relationship between Clinical Outcomes and Dutch Frailty Score among Elderly
Patients Who Underwent Surgery for Hip Fracture. Clin Interv Aging 2018, 13, 2481
2486, doi:10.2147/CIA.S181497.

87. McGuckin, D.G.; Mufti, S.; Turner, D.J.; Bond, C.; Moonesinghe, S.R. The
Association of Peri-Operative Scores, Including Frailty, with Outcomes after
Unscheduled Surgery. Anaesthesia 2018, 73, 819-824, doi:10.1111/anae.14269.

88. Kua, J.; Ramason, R.; Rajamoney, G.; Chong, M.S. Which Frailty Measure Is a
Good Predictor of Early Post-Operative Complications in Elderly Hip Fracture Patients?
Arch Orthop Trauma Surg 2016, 136, 639-647, doi:10.1007/s00402-016-2435-7.

89.  Wei, R.; Chen, H.-L.; Zha, M.-L.; Zhou, Z.-Y. Diabetes and Pressure Ulcer Risk
in Hip Fracture Patients: A Meta-Analysis. J Wound Care 2017, 26, 519-527,
d0i:10.12968/jowc.2017.26.9.5109.

90. Klestil, T.; Roder, C.; Stotter, C.; Winkler, B.; Nehrer, S.; Lutz, M.; Klerings, I.;


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

Wagpner, G.; Gartlehner, G.; Nussbaumer-Streit, B. Impact of Timing of Surgery in
Elderly Hip Fracture Patients: A Systematic Review and Meta-Analysis. Sci Rep 2018,
8, 13933, d0i:10.1038/s41598-018-32098-7.

91. Gazineo, D.; Chiari, P.; Chiarabelli, M.; Morri, M.; D’Alessandro, F.; Sabattini,
T.; Ambrosi, E.; Forni, C. Predictive Factors for Category Il Pressure Ulcers in Older
Patients with Hip Fractures: A Prospective Study. J Wound Care 2019, 28, 593-599,
d0i:10.12968/jowc.2019.28.9.593.

92.  Magny, E.; Vallet, H.; Cohen-Bittan, J.; Raux, M.; Meziere, A.; Verny, M.;
Riou, B.; Khiami, F.; Boddaert, J. Pressure Ulcers Are Associated with 6-Month
Mortality in Elderly Patients with Hip Fracture Managed in Orthogeriatric Care
Pathway. Arch Osteoporos 2017, 12, 77, doi:10.1007/s11657-017-0365-9.

93. Galivanche, A.R.; Kebaish, K.J.; Adrados, M.; Ottesen, T.D.; Varthi, A.G.;
Rubin, L.E.; Grauer, J.N. Postoperative Pressure Ulcers After Geriatric Hip Fracture
Surgery Are Predicted by Defined Preoperative Comorbidities and Postoperative
Complications. J Am Acad Orthop Surg 2020, 28, 342-351, doi:10.5435/JAAOS-D-19-
00104.

94. Chiari, P.; Forni, C.; Guberti, M.; Gazineo, D.; Ronzoni, S.; D’Alessandro, F.
Predictive Factors for Pressure Ulcers in an Older Adult Population Hospitalized for
Hip Fractures: A Prognostic Cohort Study. PLoS One 2017, 12, e0169909,
doi:10.1371/journal.pone.01699009.

95.  Gonzalez, E.D.D.L.; Mendivil, L.L.L.; Garza, D.P.S.; Hermosillo, H.G.; Chavez,
J.H.M.; Corona, R.P. Low Handgrip Strength Is Associated with a Higher Incidence of
Pressure Ulcers in Hip Fractured Patients. Acta Orthop Belg 2018, 84, 284-291.

96. Wu, X.; Tian, M.; Zhang, J.; Yang, M.; Gong, X.; Liu, Y.; Li, X.; Lindley, R.1;
Anderson, M.; Peng, K.; et al. The Effect of a Multidisciplinary Co-Management
Program for the Older Hip Fracture Patients in Beijing: A “Pre- and Post-”
Retrospective Study. Arch Osteoporos 2019, 14, 43, doi:10.1007/s11657-019-0594-1.

97. Forni, C.; D’Alessandro, F.; Genco, R.; Mini, S.; Notarnicola, T.; Vitulli, A.;
Capezzali, D.; Morri, M. Prospective Prognostic Cohort Study of Pressure Injuries in
Older Adult Patients with Hip Fractures. Adv Skin Wound Care 2018, 31, 218-224,
doi:10.1097/01.ASW.0000530685.39114.98.

98.  Correa-Pérez, A.; Delgado-Silveira, E.; Martin-Aragon, S.; Rojo-Sanchis, A.M.;
Cruz-Jentoft, A.J. Fall-Risk Increasing Drugs and Prevalence of Polypharmacy in Older
Patients Discharged from an Orthogeriatric Unit after a Hip Fracture. Aging Clin Exp
Res 2019, 31, 969-975, doi:10.1007/s40520-018-1046-2.

99. Heltne, M.; Saltvedt, I.; Lydersen, S.; Prestmo, A.; Sletvold, O.; Spigset, O.
Patterns of Drug Prescriptions in an Orthogeriatric Ward as Compared to Orthopaedic
Ward: Results from the Trondheim Hip Fracture Trial-a Randomised Clinical Trial. Eur
J Clin Pharmacol 2017, 73, 937-947, d0i:10.1007/s00228-017-2263-X.

100. Pajulammi, H.M.; Luukkaala, T.H.; Pihlajaméki, H.K.; Nuotio, M.S. Decreased
Glomerular Filtration Rate Estimated by 2009 CKD-EPI Equation Predicts Mortality in


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

Older Hip Fracture Population. Injury 2016, 47, 1536-1542,
doi:10.1016/j.injury.2016.04.028.

101. Ryan, G.; Nowak, L.; Melo, L.; Ward, S.; Atrey, A.; Schemitsch, E.H.; Nauth,
A.; Khoshbin, A. Anemia at Presentation Predicts Acute Mortality and Need for
Readmission Following Geriatric Hip Fracture. JB JS Open Access 2020, 5,
doi:10.2106/JBJS.OA.20.00048.

102. Guo, W.-J.; Wang, J.-Q.; Zhang, W.-J.; Wang, W.-K.; Xu, D.; Luo, P. Hidden
Blood Loss and Its Risk Factors after Hip Hemiarthroplasty for Displaced Femoral
Neck Fractures: A Cross-Sectional Study. Clin Interv Aging 2018, 13, 1639-1645,
doi:10.2147/CIA.S174196.

103. Arshi, A,; Lai, W.C.; Iglesias, B.C.; McPherson, E.J.; Zeegen, E.N.; Stavrakis,
A.l.; Sassoon, A.A. Blood Transfusion Rates and Predictors Following Geriatric Hip
Fracture Surgery. Hip Int 2020, 1120700019897878, doi:10.1177/1120700019897878.

104. Yombi, J.C.; Putinecanu, D.C.; Cornu, O.; Lavand’homme, P.; Cornette, P.;
Castanares-Zapatero, D. Low Haemoglobin at Admission Is Associated with Mortality
after Hip Fractures in Elderly Patients. Bone Joint J 2019, 101-B, 1122-1128,
doi:10.1302/0301-620X.101B9.BJJ-2019-0526.R1.

105. Mueller, M.M.; Van Remoortel, H.; Meybohm, P.; Aranko, K.; Aubron, C;
Burger, R.; Carson, J.L.; Cichutek, K.; De Buck, E.; Devine, D.; et al. Patient Blood
Management: Recommendations From the 2018 Frankfurt Consensus Conference.
JAMA 2019, 321, 983-997, d0i:10.1001/jama.2019.0554.

106. Zhu, C.; Yin, J.; Wang, B.; Xue, Q.; Gao, S.; Xing, L.; Wang, H.; Liu, W.; Liu,
X. Restrictive versus Liberal Strategy for Red Blood-Cell Transfusion in Hip Fracture
Patients: A Systematic Review and Meta-Analysis. Medicine (Baltimore) 2019, 98,
e16795, doi:10.1097/MD.0000000000016795.

107. Zerah, L.; Dourthe, L.; Cohen-Bittan, J.; Verny, M.; Raux, M.; Méziére, A.;
Khiami, F.; Tourette, C.; Neri, C.; Le Manach, Y.; et al. Retrospective Evaluation of a
Restrictive Transfusion Strategy in Older Adults with Hip Fracture. J Am Geriatr Soc
2018, 66, 1151-1157, doi:10.1111/jgs.15371.

108. Amin, R.M.; DeMario, V.M.; Best, M.J.; Shafiq, B.; Hasenboehler, E.A.;
Sterling, R.S.; Frank, S.M.; Khanuja, H.S. A Restrictive Hemoglobin Transfusion
Threshold of Less Than 7 g/DL Decreases Blood Utilization Without Compromising
Outcomes in Patients With Hip Fractures. J Am Acad Orthop Surg 2019, 27, 887-894,
doi:10.5435/JAA0S-D-18-00374.

109. Chen, R,; Li, L.; Xiang, Z.; Li, H.; Hou, X.-L. Association of Iron
Supplementation with Risk of Transfusion, Hospital Length of Stay, and Mortality in
Geriatric Patients Undergoing Hip Fracture Surgeries: A Meta-Analysis. Eur Geriatr
Med 2020, doi:10.1007/s41999-020-00366-3.

110. Yoon, B.-H.; Lee, B.S.; Won, H.; Kim, H.-K_; Lee, Y.-K.; Koo, K.-H.
Preoperative Iron Supplementation and Restrictive Transfusion Strategy in Hip Fracture
Surgery. Clin Orthop Surg 2019, 11, 265-269, doi:10.4055/ci0s.2019.11.3.265.


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

111. Pareja Sierra, T.; Bartolome Martin, I.; Rodriguez Solis, J.; Morales Sanz, M.D.;
Torralba Gonzalez de Suso, M.; Barcena Goitiandia, L.A.; Hornillos Calvo, M. Results
of an Anaemia Treatment Protocol Complementary to Blood Transfusion in Elderly
Patients with Hip Fracture. Rev Esp Geriatr Gerontol 2019, 54, 272-279,
d0i:10.1016/j.regg.2019.05.003.

112. Long, Y.; Wang, T.; Liu, J.; Duan, X.; Xiang, Z. [Clinical study of recombinant
human erythropoietin combined with iron to correct perioperative anemia in elderly
patients with intertrochanteric fractures]. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi
2019, 33, 662665, d0i:10.7507/1002-1892.201812121.

113. Yoon, B.-H.; Ko, Y.S.; Jang, S.-H.; Ha, J.K. Feasibility of Hip Fracture Surgery
Using a No Transfusion Protocol in Elderly Patients: A Propensity Score-Matched
Cohort Study. J Orthop Trauma 2017, 31, 414-419,
doi:10.1097/BOT.0000000000000870.

114. Zhang, Y.; Chen, L.; Wu, P.; Lang, J.; Chen, L. Intervention with Erythropoietin
in Sarcopenic Patients with Femoral Intertrochanteric Fracture and Its Potential Effects
on Postoperative Rehabilitation. Geriatr Gerontol Int 2020, 20, 150-155,
d0i:10.1111/ggi.13845.

115. Xiao, C.; Zhang, S.; Long, N.; Yu, W.; Jiang, Y. Is Intravenous Tranexamic
Acid Effective and Safe during Hip Fracture Surgery? An Updated Meta-Analysis of
Randomized Controlled Trials. Arch Orthop Trauma Surg 2019, 139, 893-902,
d0i:10.1007/s00402-019-03118-6.

116. Baskaran, D.; Rahman, S.; Salmasi, Y.; Froghi, S.; Berber, O.; George, M.
Effect of Tranexamic Acid Use on Blood Loss and Thromboembolic Risk in Hip
Fracture Surgery: Systematic Review and Meta-Analysis. Hip Int 2018, 28, 3-10,
d0i:10.5301/hipint.5000556.

117. Qi, Y.-M.; Wang, H.-P.; Li, Y.-J.; Ma, B.-B.; Xie, T.; Wang, C.; Chen, H.; Rui,
Y.-F. The Efficacy and Safety of Intravenous Tranexamic Acid in Hip Fracture Surgery:
A Systematic Review and Meta-Analysis. J Orthop Translat 2019, 19, 1-11,
doi:10.1016/j.j0t.2019.03.007.

118. Haj-Younes, B.; Sivakumar, B.S.; Wang, M.; An, V.V.; Lorentzos, P.; Adie, S.
Tranexamic Acid in Hip Fracture Surgery: A Systematic Review and Meta-Analysis. J
Orthop Surg (Hong Kong) 2020, 28, 2309499019887995,
do0i:10.1177/2309499019887995.

119. Luo, X.; Huang, H.; Tang, X. Efficacy and Safety of Tranexamic Acid for
Reducing Blood Loss in Elderly Patients with Intertrochanteric Fracture Treated with
Intramedullary Fixation Surgery: A Meta-Analysis of Randomized Controlled Trials.
Acta Orthop Traumatol Turc 2020, 54, 4-14, doi:10.5152/j.a0tt.2020.01.88.

120. Sanzone, A.G. Current Challenges in Pain Management in Hip Fracture Patients.
J Orthop Trauma 2016, 30 Suppl 1, S1-5, doi:10.1097/BOT.0000000000000562.

121. Oberkircher, L.; Schubert, N.; Eschbach, D.-A.; Bliemel, C.; Krueger, A.;
Ruchholtz, S.; Buecking, B. Prehospital Pain and Analgesic Therapy in Elderly Patients


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

with Hip Fractures. Pain Pract 2016, 16, 545-551, doi:10.1111/papr.12299.

122. Orive, M.; Anton-Ladislao, A.; Garcia-Gutiérrez, S.; Las Hayas, C.; Gonzalez,
N.; Zabala, J.; Quintana, J.M. Prospective Study of Predictive Factors of Changes in
Pain and Hip Function after Hip Fracture among the Elderly. Osteoporos Int 2016, 27,
527-536, d0i:10.1007/s00198-015-3267-y.

123. Riddell, M.; Ospina, M.; Holroyd-Leduc, J.M. Use of Femoral Nerve Blocks to
Manage Hip Fracture Pain among Older Adults in the Emergency Department: A
Systematic Review. CJEM 2016, 18, 245-252, doi:10.1017/cem.2015.94.

124. Guay, J.; Kopp, S. Peripheral Nerve Blocks for Hip Fractures in Adults.
Cochrane Database Syst Rev 2020, 11, CD001159,
d0i:10.1002/14651858.CD001159.pub3.

125. Elboim-Gabyzon, M.; Andrawus Najjar, S.; Shtarker, H. Effects of
Transcutaneous Electrical Nerve Stimulation (TENS) on Acute Postoperative Pain
Intensity and Mobility after Hip Fracture: A Double-Blinded, Randomized Trial. Clin
Interv Aging 2019, 14, 1841-1850, doi:10.2147/CIA.S203658.

126. Schuetze, K.; Eickhoff, A.; Dehner, C.; Gebhard, F.; Richter, P.H. Impact of
Oral Anticoagulation on Proximal Femur Fractures Treated within 24 h - A
Retrospective Chart Review. Injury 2019, 50, 20402044,
d0i:10.1016/j.injury.2019.09.011.

127. Lawrence, J.E.; Fountain, D.M.; Cundall-Curry, D.J.; Carrothers, A.D. Do
Patients Taking Warfarin Experience Delays to Theatre, Longer Hospital Stay, and
Poorer Survival After Hip Fracture? Clin Orthop Relat Res 2017, 475, 273-279,
d0i:10.1007/511999-016-5056-0.

128. Zhang, J.; Chen, X.; Wang, J.; Liu, Z.; Wang, X.; Ren, J.; Sun, T. Poor
Prognosis after Surgery for Intertrochanteric Fracture in Elderly Patients with
Clopidogrel Treatment: A Cohort Study. Medicine (Baltimore) 2017, 96, 8169,
doi:10.1097/MD.0000000000008169.

129. Cha, Y.-H.; Lee, Y.-K_; Koo, K.-H.; Wi, C.; Lee, K.-H. Difference in Mortality
Rate by Type of Anticoagulant in Elderly Patients with Cardiovascular Disease after
Hip Fractures. Clin Orthop Surg 2019, 11, 15-20, doi:10.4055/ci0s.2019.11.1.15.

130. Yang, Z.; Ni, J.; Long, Z.; Kuang, L.; Gao, Y.; Tao, S. Is Hip Fracture Surgery
Safe for Patients on Antiplatelet Drugs and Is It Necessary to Delay Surgery? A
Systematic Review and Meta-Analysis. J Orthop Surg Res 2020, 15, 105,
d0i:10.1186/s13018-020-01624-7.

131. Soo, C.G.K.M.; Della Torre, P.K.; Yolland, T.J.; Shatwell, M.A. Clopidogrel
and Hip Fractures, Is It Safe? A Systematic Review and Meta-Analysis. BMC
Musculoskelet Disord 2016, 17, 136, doi:10.1186/s12891-016-0988-9.

132.  Purushothaman, B.; Webb, M.; Weusten, A.; Bonczek, S.; Ramaskandhan, J.;
Nanu, A. Decision Making on Timing of Surgery for Hip Fracture Patients on
Clopidogrel. Ann R Coll Surg Engl 2016, 98, 91-95, doi:10.1308/rcsann.2015.0041.


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

133. Lin, S.-Y.; Huang, H.-T.; Chou, S.-H.; Ho, C.-J.; Liu, Z.-M.; Chen, C.-H.; Lu,
C.-C. The Safety of Continuing Antiplatelet Medication Among Elderly Patients
Undergoing Urgent Hip Fracture Surgery. Orthopedics 2019, 42, 268-274,
d0i:10.3928/01477447-20190723-02.

134.  Xu, Y.; You, D.; Krzyzaniak, H.; Ponich, B.; Ronksley, P.; Skeith, L.; Salo, P.;
Korley, R.; Schneider, P.; Carrier, M. Effect of Oral Anticoagulants on Hemostatic and
Thromboembolic Complications in Hip Fracture: A Systematic Review and Meta-
Analysis. J Thromb Haemost 2020, 18, 25662581, doi:10.1111/jth.14977.

135. Caruso, G.; Andreotti, M.; Marko, T.; Tonon, F.; Corradi, N.; Rizzato, D.;
Valentini, A.; Valpiani, G.; Massari, L. The Impact of Warfarin on Operative Delay and
1-Year Mortality in Elderly Patients with Hip Fracture: A Retrospective Observational
Study. J Orthop Surg Res 2019, 14, 169, doi:10.1186/s13018-019-1199-5.

136. Cohn, M.R.; Levack, A.E.; Trivedi, N.N.; Villa, J.C.; Wellman, D.S.; Lyden,
J.P.; Lorich, D.G.; Lane, J.M. The Hip Fracture Patient on Warfarin: Evaluating Blood
Loss and Time to Surgery. J Orthop Trauma 2017, 31, 407-413,
d0i:10.1097/BOT.0000000000000857.

137. Ng, R.; Shabani-Rad, M.-T. Results of Octaplex for Reversal of Warfarin
Anticoagulation in Patients with Hip Fracture. Can J Surg 2019, 62, 14-19,
doi:10.1503/cjs.018017.

138. Yoo, M.S.; Zhu, S.; Jiang, S.-F.; Hammer, H.L.; McBride, W.J.; McCarthy,
C.M.; Green, C.E.; Ananias, M.P. Association of Reversal of Anticoagulation
Preoperatively on 30-Day Mortality and Outcomes for Hip Fracture Surgery. Am J Med
2020, 133, 969-975.e2, d0i:10.1016/j.amjmed.2020.01.002.

139. Leer-Salvesen, S.; Engeseter, L.B.; Dybvik, E.; Furnes, O.; Kristensen, T.B.;
Gjertsen, J.-E. Does Time from Fracture to Surgery Affect Mortality and Intraoperative
Medical Complications for Hip Fracture Patients? An Observational Study of 73 557
Patients Reported to the Norwegian Hip Fracture Register. Bone Joint J 2019, 101-B,
1129-1137, doi:10.1302/0301-620X.101B9.BJJ-2019-0295.R1.

140. Schermann, H.; Gurel, R.; Gold, A.; Maman, E.; Dolkart, O.; Steinberg, E.L.;
Chechik, O. Safety of Urgent Hip Fracture Surgery Protocol under Influence of Direct
Oral Anticoagulation Medications. Injury 2019, 50, 398-402,
doi:10.1016/j.injury.2018.10.033.

141, Tarrant, S.M.; Catanach, M.J.; Sarrami, M.; Clapham, M.; Attia, J.; Balogh, Z.J.
Direct Oral Anticoagulants and Timing of Hip Fracture Surgery. J Clin Med 2020, 9,
doi:10.3390/jcm9072200.

142. Daugaard, C.; Pedersen, A.B.; Kristensen, N.R.; Johnsen, S.P. Preoperative
Antithrombotic Therapy and Risk of Blood Transfusion and Mortality Following Hip
Fracture Surgery: A Danish Nationwide Cohort Study. Osteoporos Int 2019, 30, 583—
591, doi:10.1007/s00198-018-4786-0.

143. Sasabuchi, Y.; Matsui, H.; Lefor, A.K.; Fushimi, K.; Yasunaga, H. Timing of
Surgery for Hip Fractures in the Elderly: A Retrospective Cohort Study. Injury 2018,


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

49, 1848-1854, doi:10.1016/j.injury.2018.07.026.

144, Rai, S.K.; Varma, R.; Wani, S.S. Does Time of Surgery and Complication Have
Any Correlation in the Management of Hip Fracture in Elderly and Can Early Surgery
Affect the Outcome? Eur J Orthop Surg Traumatol 2018, 28, 277-282,
doi:10.1007/s00590-017-2047-0.

145.  Anthony, C.A.; Duchman, K.R.; Bedard, N.A.; Gholson, J.J.; Gao, Y.; Pugely,
A.J.; Callaghan, J.J. Hip Fractures: Appropriate Timing to Operative Intervention. J
Arthroplasty 2017, 32, 3314-3318, d0i:10.1016/j.arth.2017.07.023.

146. Rosso, F.; Dettoni, F.; Bonasia, D.E.; Olivero, F.; Mattei, L.; Bruzzone, M.;
Marmotti, A.; Rossi, R. Prognostic Factors for Mortality after Hip Fracture: Operation
within 48 Hours Is Mandatory. Injury 2016, 47 Suppl 4, S91-S97,
doi:10.1016/j.injury.2016.07.055.

147. Ryan, D.J.; Yoshihara, H.; Yoneoka, D.; Egol, K.A.; Zuckerman, J.D. Delay in
Hip Fracture Surgery: An Analysis of Patient-Specific and Hospital-Specific Risk
Factors. J Orthop Trauma 2015, 29, 343-348, doi:10.1097/BOT.0000000000000313.

148. Yaacobi, E.; Marom, O.; Gutman, N.; Zabarga, S.; Brin, Y.; Ohana, N. Mortality
Following Surgery for Geriatric Hip Fractures: Is It the Timing or the Co-Morbidities?
Hip Int 2020, 1120700020945942, d0i:10.1177/1120700020945942.

149. Kempenaers, K.; Van Calster, B.; Vandoren, C.; Sermon, A.; Metsemakers, W.-
J.; Vanderschot, P.; Misselyn, D.; Nijs, S.; Hoekstra, H. Are the Current Guidelines for
Surgical Delay in Hip Fractures Too Rigid? A Single Center Assessment of Mortality
and Economics. Injury 2018, 49, 1169-1175, doi:10.1016/j.injury.2018.03.032.

150. Beaupre, L.A.; Khong, H.; Smith, C.; Kang, S.; Evens, L.; Jaiswal, P.K.; Powell,
J.N. The Impact of Time to Surgery after Hip Fracture on Mortality at 30- and 90-Days:
Does a Single Benchmark Apply to All? Injury 2019, 50, 950-955,
d0i:10.1016/j.injury.2019.03.031.

151. Correoso Castellanos, S.; Lajara Marco, F.; Diez Galan, M.M.; Blay
Dominguez, E.; Bernaldez Silvetti, P.F.; Palazdn Banegas, M.A.; Lozano Requena, J.A.
Analysis of Surgical Delay and Its Influence on Morbimortality in Patients with Hip
Fracture. Rev Esp Cir Ortop Traumatol 2019, 63, 246-251,
doi:10.1016/j.recot.2018.07.002.

152.  Oztiirk, B.; Johnsen, S.P.; Rock, N.D.; Pedersen, L.; Pedersen, A.B. Impact of
Comorbidity on the Association between Surgery Delay and Mortality in Hip Fracture
Patients: A Danish Nationwide Cohort Study. Injury 2019, 50, 424-431,
doi:10.1016/j.injury.2018.12.032.

153. Lizaur-Utrilla, A.; Gonzalez-Navarro, B.; Vizcaya-Moreno, M.F.; Miralles
Mufioz, F.A.; Gonzalez-Parrefio, S.; Lopez-Prats, F.A. Reasons for Delaying Surgery
Following Hip Fractures and Its Impact on One Year Mortality. Int Orthop 2019, 43,
441-448, doi:10.1007/s00264-018-3936-5.

154. HIP ATTACK Investigators Accelerated Surgery versus Standard Care in Hip
Fracture (HIP ATTACK): An International, Randomised, Controlled Trial. Lancet


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

2020, 395, 698708, doi:10.1016/S0140-6736(20)30058-1.

155. Borges, F.K.; Devereaux, P.J.; Cuerden, M.; Bhandari, M.; Guerra-Farfan, E.;
Patel, A.; Sigamani, A.; Umer, M.; Neary, J.; Tiboni, M.; et al. Effects of Accelerated
versus Standard Care Surgery on the Risk of Acute Kidney Injury in Patients with a Hip
Fracture: A Substudy Protocol of the Hip Fracture Accelerated Surgical TreaTment And
Care TracK (HIP ATTACK) International Randomised Controlled Trial. BMJ Open
2019, 9, e033150, doi:10.1136/bmjopen-2019-033150.

156. Borges, F.K.; Bhandari, M.; Patel, A.; Avram, V.; Guerra-Farfan, E.; Sigamani,
A.; Umer, M.; Tiboni, M.; Adili, A.; Neary, J.; et al. Rationale and Design of the HIP
Fracture Accelerated Surgical TreaTment And Care TracK (HIP ATTACK) Trial: A
Protocol for an International Randomised Controlled Trial Evaluating Early Surgery for
Hip Fracture Patients. BMJ Open 2019, 9, 028537, d0i:10.1136/bmjopen-2018-
028537.

157. Han, S.K.; Song, H.S.; Kim, R.; Kang, S.H. Clinical Results of Treatment of
Garden Type 1 and 2 Femoral Neck Fractures in Patients over 70-Year Old. Eur J
Trauma Emerg Surg 2016, 42, 191-196, doi:10.1007/s00068-015-0528-6.

158. Kahlenberg, C.A.; Richardson, S.S.; Schairer, W.W.; Cross, M.B. Rates and
Risk Factors of Conversion Hip Arthroplasty After Closed Reduction Percutaneous Hip
Pinning for Femoral Neck Fractures-A Population Analysis. J Arthroplasty 2018, 33,
771-776, doi:10.1016/j.arth.2017.10.004.

159. Kelly, M.A.; McSorley, K.; Casey, M.-C.; Shannon, F.J. The Long-Term
Outcomes Following Internal Fixation for Intracapsular Hip Fractures in an Irish
Tertiary Referral Centre. Ir J Med Sci 2019, 188, 1227-1231, doi:10.1007/s11845-019-
01972-2.

160. Viberg, B.; Fraslev, T.; Overgaard, S.; Pedersen, A.B. Mortality and Revision
Risk after Femoral Neck Fracture: Comparison of Internal Fixation for Undisplaced
Fracture with Arthroplasty for Displaced Fracture: A Population-Based Study from
Danish National Registries. Acta Orthop 2020, 1-12,
d0i:10.1080/17453674.2020.1850940.

161. Parker, M.J. Hemiarthroplasty versus Internal Fixation for Displaced
Intracapsular Fractures of the Hip in Elderly Men: A Pilot Randomised Trial. Bone
Joint J 2015, 97-B, 992-996, doi:10.1302/0301-620X.97B7.35524.

162. Afaq, S.; O’Hara, N.N.; Schemitsch, E.H.; Bzovsky, S.; Sprague, S.; Poolman,
R.W.; Frihagen, F.; Heels-Ansdell, D.; Bhandari, M.; Swiontkowski, M.; et al.
Arthroplasty Versus Internal Fixation for the Treatment of Undisplaced Femoral Neck
Fractures: A Retrospective Cohort Study. J Orthop Trauma 2020, 34 Suppl 3, S9-S14,
doi:10.1097/BOT.0000000000001940.

163. Ma, H.-H.; Chou, T.-F.A,; Tsai, S.-W.; Chen, C.-F.; Wu, P.-K.; Chen, W.-M.
Outcomes of Internal Fixation versus Hemiarthroplasty for Elderly Patients with an
Undisplaced Femoral Neck Fracture: A Systematic Review and Meta-Analysis. J
Orthop Surg Res 2019, 14, 320, doi:10.1186/s13018-019-1377-5.


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

164. Viberg, B.; Kold, S.; Brink, O.; Larsen, M.S.; Hare, K.B.; Palm, H.; SENSE
collaborators Is ArthroplaSty BEtter than InterNal Fixation for UndiSplaced Femoral
NEck Fracture? A National Pragmatic RCT: The SENSE Trial. BMJ Open 2020, 10,
e038442, doi:10.1136/bmjopen-2020-038442.

165. Wolf, O.; Sjoholm, P.; Hailer, N.P.; Modller, M.; Mukka, S. Study Protocol:
HipSTHeR - a Register-Based Randomised Controlled Trial - Hip Screws or (Total)
Hip Replacement for Undisplaced Femoral Neck Fractures in Older Patients. BMC
Geriatr 2020, 20, 19, d0i:10.1186/s12877-020-1418-2.

166. Warren, J.A.; Sundaram, K.; Anis, H.K.; Piuzzi, N.S.; Higuera, C.A.; Kamath,
A.F. Total Hip Arthroplasty Outperforms Hemiarthroplasty in Patients Aged 65 Years
and Older: A Propensity-Matched Study of Short-Term Outcomes. Geriatr Orthop Surg
Rehabil 2019, 10, 2151459319876854, doi:10.1177/2151459319876854.

167. Mariconda, M.; Costa, G.; Misasi, M.; Recano, P.; Balato, G.; Rizzo, M.
Ambulatory Ability and Personal Independence After Hemiarthroplasty and Total
Arthroplasty for Intracapsular Hip Fracture: A Prospective Comparative Study. J
Arthroplasty 2017, 32, 447-452, doi:10.1016/j.arth.2016.07.017.

168. Haynes, M.S.; Ondeck, N.T.; Ottesen, T.D.; Malpani, R.; Rubin, L.E.; Grauer,
J.N. Perioperative Outcomes of Hemiarthroplasty Versus Total Hip Arthroplasty for
Geriatric Hip Fracture: The Importance of Studying Matched Populations. J
Arthroplasty 2020, 35, 3188-3194, doi:10.1016/j.arth.2020.06.015.

169. Jonas, S.C.; Shah, R.; Al-Hadithy, N.; Norton, M.R.; Sexton, S.A.; Middleton,
R.G. Displaced Intracapsular Neck of Femur Fractures in the Elderly: Bipolar
Hemiarthroplasty May Be the Treatment of Choice; a Case Control Study. Injury 2015,
46, 1988-1991, doi:10.1016/j.injury.2015.06.047.

170. Parker, M.J.; Cawley, S. Treatment of the Displaced Intracapsular Fracture for
the “fitter” Elderly Patients: A Randomised Trial of Total Hip Arthroplasty versus
Hemiarthroplasty for 105 Patients. Injury 2019, 50, 20092013,
d0i:10.1016/j.injury.2019.09.018.

171. Ekhtiari, S.; Gormley, J.; Axelrod, D.E.; Deviji, T.; Bhandari, M.; Guyatt, G.H.
Total Hip Arthroplasty Versus Hemiarthroplasty for Displaced Femoral Neck Fracture:
A Systematic Review and Meta-Analysis of Randomized Controlled Trials. J Bone
Joint Surg Am 2020, 102, 1638-1645, doi:10.2106/JBJS.20.00226.

172.  HEALTH Investigators; Bhandari, M.; Einhorn, T.A.; Guyatt, G.; Schemitsch,
E.H.; Zura, R.D.; Sprague, S.; Frihagen, F.; Guerra-Farfan, E.; Kleinlugtenbelt, Y.V.; et
al. Total Hip Arthroplasty or Hemiarthroplasty for Hip Fracture. N Engl J Med 2019,
381, 2199-2208, doi:10.1056/NEJM0a1906190.

173. Perry, D.C.; Metcalfe, D.; Griffin, X.L.; Costa, M.L. Inequalities in Use of Total
Hip Arthroplasty for Hip Fracture: Population Based Study. BMJ 2016, 353, 12021,
doi:10.1136/bmj.i2021.

174. Fishlock, A.; Scarsbrook, C.; Marsh, R. Adherence to Guidelines Regarding
Total Hip Replacement for Fractured Neck of Femur. Ann R Coll Surg Engl 2016, 98,


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

422424, doi:10.1308/rcsann.2016.0151.

175.  Collaborative Orthopaedic Research Network The Provision of Total Hip
Replacement for Displaced Intracapsular Hip Fractures. Ann R Coll Surg Engl 2016, 98,
96-101, doi:10.1308/rcsann.2016.0051.

176. Moerman, S.; Mathijssen, N.M.C.; Tuinebreijer, W.E.; Vochteloo, A.J.H.;
Nelissen, R.G.H.H. Hemiarthroplasty and Total Hip Arthroplasty in 30,830 Patients
with Hip Fractures: Data from the Dutch Arthroplasty Register on Revision and Risk
Factors for Revision. Acta Orthop 2018, 89, 509-514,
d0i:10.1080/17453674.2018.1499069.

177. You, D.; Sepehri, A.; Kooner, S.; Krzyzaniak, H.; Johal, H.; Duffy, P.;
Schneider, P.; Powell, J. Outcomes of Total Hip Arthroplasty Using Dual Mobility
Components in Patients with a Femoral Neck Fracture. Bone Joint J 2020, 102-B, 811—
821, doi:10.1302/0301-620X.102B7.BJJ-2019-1486.R1.

178. Wolf, O.; Mukka, S.; Notini, M.; Mdller, M.; Hailer, N.P.; DUALITY GROUP
Study Protocol: The DUALITY Trial-a Register-Based, Randomized Controlled Trial to
Investigate Dual Mobility Cups in Hip Fracture Patients. Acta Orthop 2020, 91, 506—
513, d0i:10.1080/17453674.2020.1780059.

179. Tan, K.G.; Whitehouse, S.L.; Crawford, R.W. On-Table and Short-Term
Mortality: A Single-Institution Experience With Cementing All Hip Arthroplasties for
Neck of Femur Fractures. J Arthroplasty 2020, 35, 1095-1100,
doi:10.1016/j.arth.2019.11.027.

180. Fenelon, C.; Murphy, E.P.; Pomeroy, E.; Murphy, R.P.; Curtin, W.; Murphy,
C.G. Perioperative Mortality After Cemented or Uncemented Hemiarthroplasty for
Displaced Femoral Neck Fractures-A Systematic Review and Meta-Analysis. J
Arthroplasty 2020, doi:10.1016/j.arth.2020.08.042.

181. Nantha Kumar, N.; Kunutsor, S.K.; Fernandez, M.A.; Dominguez, E.; Parsons,
N.; Costa, M.L.; Whitehouse, M.R. Effectiveness and Safety of Cemented and
Uncemented Hemiarthroplasty in the Treatment of Intracapsular Hip Fractures. Bone
Joint J 2020, 102-B, 1113-1121, doi:10.1302/0301-620X.102B9.BJJ-2020-0282.R1.

182. Parker, M.J.; Cawley, S. Cemented or Uncemented Hemiarthroplasty for
Displaced Intracapsular Fractures of the Hip: A Randomized Trial of 400 Patients. Bone
Joint J 2020, 102-B, 11-16, doi:10.1302/0301-620X.102B1.BJJ-2019-1041.R1.

183. Kiristensen, T.B.; Dybvik, E.; Kristoffersen, M.; Dale, H.; Engeseter, L.B.;
Furnes, O.; Gjertsen, J.-E. Cemented or Uncemented Hemiarthroplasty for Femoral
Neck Fracture? Data from the Norwegian Hip Fracture Register. Clin Orthop Relat Res
2020, 478, 90-100, doi:10.1097/CORR.0000000000000826.

184. Moerman, S.; Mathijssen, N.M.C.; Niesten, D.D.; Riedijk, R.; Rijnberg, W.J.;
Koéter, S.; Kremers van de Hei, K.; Tuinebreijer, W.E.; Molenaar, T.L.; Nelissen,
R.G.H.H.; et al. More Complications in Uncemented Compared to Cemented
Hemiarthroplasty for Displaced Femoral Neck Fractures: A Randomized Controlled
Trial of 201 Patients, with One Year Follow-Up. BMC Musculoskelet Disord 2017, 18,


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

169, doi:10.1186/512891-017-1526-0.

185. Clement, N.D.; van der Linden, M.; Keating, J.F. Higher Rate of Complications
with Uncemented Compared to Cemented Total Hip Arthroplasty for Displaced
Intracapsular Hip Fractures: A Randomised Controlled Trial of 50 Patients. Eur J
Orthop Surg Traumatol 2020, doi:10.1007/s00590-020-02808-x.

186. Fullam, J.; Theodosi, P.G.; Charity, J.; Goodwin, V.A. A Scoping Review
Comparing Two Common Surgical Approaches to the Hip for Hemiarthroplasty. BMC
Surg 2019, 19, 32, doi:10.1186/s12893-019-0493-9.

187. van der Sijp, M.P.L.; van Delft, D.; Krijnen, P.; Niggebrugge, A.H.P.; Schipper,
I.B. Surgical Approaches and Hemiarthroplasty Outcomes for Femoral Neck Fractures:
A Meta-Analysis. J Arthroplasty 2018, 33, 1617-1627.€9,
doi:10.1016/j.arth.2017.12.029.

188. Hongisto, M.T.; Nuotio, M.S.; Luukkaala, T.; Vaisto, O.; Pihlajaméki, H.K.
Lateral and Posterior Approaches in Hemiarthroplasty. Scand J Surg 2018, 107, 260
268, d0i:10.1177/1457496917748226.

189. Svengy, S.; Westberg, M.; Figved, W.; Valland, H.; Brun, O.C.; Wangen, H.;
Madsen, J.E.; Frihagen, F. Posterior versus Lateral Approach for Hemiarthroplasty after
Femoral Neck Fracture: Early Complications in a Prospective Cohort of 583 Patients.
Injury 2017, 48, 1565-1569, doi:10.1016/j.injury.2017.03.024.

190. Abram, S.G.F.; Murray, J.B. Outcomes of 807 Thompson Hip Hemiarthroplasty
Procedures and the Effect of Surgical Approach on Dislocation Rates. Injury 2015, 46,
1013-1017, d0i:10.1016/j.injury.2014.12.016.

191. Matharu, G.S.; Judge, A.; Deere, K.; Blom, A.W.; Reed, M.R.; Whitehouse,
M.R. The Effect of Surgical Approach on Outcomes Following Total Hip Arthroplasty
Performed for Displaced Intracapsular Hip Fractures: An Analysis from the National
Joint Registry for England, Wales, Northern Ireland and the Isle of Man. J Bone Joint
Surg Am 2020, 102, 21-28, doi:10.2106/JBJS.19.00195.

192. Kiristensen, T.B.; Vinje, T.; Havelin, L.I.; Engesater, L.B.; Gjertsen, J.-E.
Posterior Approach Compared to Direct Lateral Approach Resulted in Better Patient-
Reported Outcome after Hemiarthroplasty for Femoral Neck Fracture. Acta Orthop
2017, 88, 29-34, doi:10.1080/17453674.2016.1250480.

193. Jawad, Z.; Nemes, S.; Bilow, E.; Rogmark, C.; Cnudde, P. Multi-State Analysis
of Hemi- and Total Hip Arthroplasty for Hip Fractures in the Swedish Population-
Results from a Swedish National Database Study of 38,912 Patients. Injury 2019, 50,
272-277, doi:10.1016/j.injury.2018.12.022.

194. Parker, M.J. Lateral versus Posterior Approach for Insertion of
Hemiarthroplasties for Hip Fractures: A Randomised Trial of 216 Patients. Injury 2015,
46, 1023-1027, doi:10.1016/j.injury.2015.02.020.

195. Page, P.R.J.; Field, M.H.; Vetharajan, N.; Smith, A.; Duggleby, L.; Cazzola, D.;
Whitehouse, M.R.; Gill, R. Incidence and Predictive Factors of Problems after Fixation
of Trochanteric Hip Fractures with Sliding Hip Screw or Intramedullary Devices. Hip


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

Int 2020, 1120700020959339, d0i:10.1177/1120700020959339.

196. Morvan, A.; Boddaert, J.; Cohen-Bittan, J.; Picard, H.; Pascal-Mousselard, H.;
Khiami, F. Risk Factors for Cut-out after Internal Fixation of Trochanteric Fractures in
Elderly Subjects. Orthop Traumatol Surg Res 2018, 104, 1183-1187,
doi:10.1016/j.0tsr.2018.06.021.

197. Koyuncu, S.; Altay, T.; Kayali, C.; Ozan, F.; Yamak, K. Mechanical Failures
after Fixation with Proximal Femoral Nail and Risk Factors. Clin Interv Aging 2015, 10,
1959-1965, do0i:10.2147/CIA.S96852.

198. Fang, C.; Lau, T.W.; Wong, T.M.; Lee, H.L.; Leung, F. Sliding Hip Screw
versus Sliding Helical Blade for Intertrochanteric Fractures: A Propensity Score-
Matched Case Control Study. Bone Joint J 2015, 97-B, 398-404, doi:10.1302/0301-
620X.97B3.34791.

199. Warren, J.A.; Sundaram, K.; Hampton, R.; McLaughlin, J.; Patterson, B.;
Higuera, C.A.; Piuzzi, N.S. Cephalomedullary Nailing versus Sliding Hip Screws for
Intertrochanteric and Basicervical Hip Fractures: A Propensity-Matched Study of Short-
Term Outcomes in over 17,000 Patients. Eur J Orthop Surg Traumatol 2020, 30, 243—
250, d0i:10.1007/s00590-019-02543-y.

200. Cai, L.; Wang, T.; Di, L.; Hu, W.; Wang, J. Comparison of Intramedullary and
Extramedullary Fixation of Stable Intertrochanteric Fractures in the Elderly: A
Prospective Randomised Controlled Trial Exploring Hidden Perioperative Blood Loss.
BMC Musculoskelet Disord 2016, 17, 475, doi:10.1186/s12891-016-1333-z.

201. Shen, J.; Hu, C.; Yu, S.; Huang, K.; Xie, Z. A Meta-Analysis of Percutenous
Compression Plate versus Intramedullary Nail for Treatment of Intertrochanteric HIP
Fractures. Int J Surg 2016, 29, 151-158, doi:10.1016/j.ijsu.2016.03.065.

202. Hao, Z.; Wang, X.; Zhang, X. Comparing Surgical Interventions for
Intertrochanteric Hip Fracture by Blood Loss and Operation Time: A Network Meta-
Analysis. J Orthop Surg Res 2018, 13, 157, doi:10.1186/s13018-018-0852-8.

203. Mattisson, L.; Bojan, A.; Enocson, A. Epidemiology, Treatment and Mortality of
Trochanteric and Subtrochanteric Hip Fractures: Data from the Swedish Fracture
Register. BMC Musculoskelet Disord 2018, 19, 369, doi:10.1186/s12891-018-2276-3.

204. Pandarinath, R.; Amdur, R.; DeBritz, J.N.; Rao, R.D. Comparison of Short-Term
Complication Rates Between Cephalomedullary Hip Screw Devices and Sliding Hip
Screws: An Analysis of the National Surgical Quality Improvement Program Database.
J Am Acad Orthop Surg 2018, 26, 845-851, doi:10.5435/JAAOS-D-16-00818.

205. Page, P.R.J.; Lord, R.; Jawad, A.; Dawe, E.; Stott, P.; Rogers, B.; Gill, R.
Changing Trends in the Management of Intertrochanteric Hip Fractures - A Single
Centre Experience. Injury 2016, 47, 1525-1529, doi:10.1016/j.injury.2016.05.002.

206. Vermesan, D.; Prejbeanu, R.; Poenaru, D.V.; Petrescu, H.; Apostol, E.;
Inchingolo, F.; Dipalma, G.; Abbinante, A.; Caprio, M.; Potenza, M.A.; et al. Do
Intramedullary Implants Improve Survival in Elderly Patients with Trochanteric
Fractures? A Retrospective Study. Clin Ter 2015, 166, e140-145,


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

doi:10.7417/CT.2015.1844.

207. Sadeghi, C.; Prentice, H.A.; Okike, K.M.; Paxton, E.W. Treatment of
Intertrochanteric Femur Fractures with Long versus Short Cephalomedullary Nails.
Perm J 2020, 24, doi:10.7812/TPP/19.229.

208. Zhang, Y.; Zhang, S.; Wang, S.; Zhang, H.; Zhang, W.; Liu, P.; Ma, J.; Pervaiz,
N.; Wang, J. Long and Short Intramedullary Nails for Fixation of Intertrochanteric
Femur Fractures (OTA 31-A1, A2 and A3): A Systematic Review and Meta-Analysis.
Orthop Traumatol Surg Res 2017, 103, 685-690, doi:10.1016/j.otsr.2017.04.003.

209. Frisch, N.B.; Nahm, N.J.; Khalil, J.G.; Les, C.M.; Guthrie, S.T.; Charters, M.A.
Short Versus Long Cephalomedullary Nails for Pertrochanteric Hip Fracture.
Orthopedics 2017, 40, 83-88, do0i:10.3928/01477447-20161116-01.

210. Dunn, J.; Kusnezov, N.; Bader, J.; Waterman, B.R.; Orr, J.; Belmont, P.J. Long
versus Short Cephalomedullary Nail for Trochanteric Femur Fractures (OTA 31-Al, A2
and A3): A Systematic Review. J Orthop Traumatol 2016, 17, 361-367,
doi:10.1007/s10195-016-0405-z.

211. Page, P.R.J.; Poole, W.E.C.; Shah, K.; Upadhyay, P.K. Short or Long
Intramedullary Devices for Hip Fracture? A Systematic Review of the Evidence. J
Orthop 2020, 22, 377-382, doi:10.1016/j.jor.2020.08.030.

212. Kammerlander, C.; Pfeufer, D.; Lisitano, L.A.; Mehaffey, S.; Bocker, W.;
Neuerburg, C. Inability of Older Adult Patients with Hip Fracture to Maintain
Postoperative Weight-Bearing Restrictions. J Bone Joint Surg Am 2018, 100, 936-941,
d0i:10.2106/JBJS.17.01222.

213.  Warren, J.; Sundaram, K.; Anis, H.; McLaughlin, J.; Patterson, B.; Higuera,
C.A.; Piuzzi, N.S. The Association between Weight-Bearing Status and Early
Complications in Hip Fractures. Eur J Orthop Surg Traumatol 2019, 29, 1419-1427,
doi:10.1007/s00590-019-02453-z.

214. Pfeufer, D.; Grabmann, C.; Mehaffey, S.; Keppler, A.; Bocker, W.;
Kammerlander, C.; Neuerburg, C. Weight Bearing in Patients with Femoral Neck
Fractures Compared to Pertrochanteric Fractures: A Postoperative Gait Analysis. Injury
2019, 50, 1324-1328, doi:10.1016/j.injury.2019.05.008.

215. 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, doi:10.1051/sicotj/2019005.

216. Turesson, E.; Ivarsson, K.; Thorngren, K.-G.; Hommel, A. Hip Fractures -
Treatment and Functional Outcome. The Development over 25 Years. Injury 2018, 49,
2209-2215, doi:10.1016/j.injury.2018.10.010.

217. Salpakoski, A.; Kallinen, M.; Kiviranta, I.; Alen, M.; Portegijs, E.; Jamsen, E.;
Ylinen, J.; Rantanen, T.; Sipila, S. Type of Surgery Is Associated with Pain and
Walking Difficulties among Older People with Previous Hip Fracture. Geriatr Gerontol
Int 2016, 16, 754-761, doi:10.1111/ggi.12552.


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

218. Thakore, R.V.; Foxx, A.M.; Lang, M.F.; Sathiyakumar, V.; Obremskey, W.T.;
Boyce, R.H.; Ehrenfeld, J.M.; Sethi, M.K. Operative Intervention for Geriatric Hip
Fracture: Does Type of Surgery Affect Hospital Length of Stay? Am J Orthop (Belle
Mead NJ) 2015, 44, 228-232.

219. Parsons, N.R.; Costa, M.L.; Achten, J.; Griffin, X.L. Baseline Quality of Life in
People with Hip Fracture: Results from the Multicentre WHITE Cohort Study. Bone
Joint Res 2020, 9, 468-476, doi:10.1302/2046-3758.98.BJR-2019-0242.R1.

220. Ganczak, M.; Chrobrowski, K.; Korzen, M. Predictors of a Change and
Correlation in Activities of Daily Living after Hip Fracture in Elderly Patients in a
Community Hospital in Poland: A Six-Month Prospective Cohort Study. Int J Environ
Res Public Health 2018, 15, doi:10.3390/ijerph15010095.

221. Morandi, A.; Mazzone, A.; Bernardini, B.; Suardi, T.; Prina, R.; Pozzi, C.;
Gentile, S.; Trabucchi, M.; Bellelli, G. Association between Delirium, Adverse Clinical
Events and Functional Outcomes in Older Patients Admitted to Rehabilitation Settings
after a Hip Fracture: A Multicenter Retrospective Cohort Study. Geriatr Gerontol Int
2019, 19, 404-408, doi:10.1111/ggi.13628.

222. Selakovic, I.; Dubljanin-Raspopovic, E.; Markovic-Denic, L.; Marusic, V.;
Cirkovic, A.; Kadija, M.; Tomanovic-Vujadinovic, S.; Tulic, G. Can Early Assessment
of Hand Grip Strength in Older Hip Fracture Patients Predict Functional Outcome?
PLoS One 2019, 14, e0213223, doi:10.1371/journal.pone.0213223.

223. Kronborg, L.; Bandholm, T.; Palm, H.; Kehlet, H.; Kristensen, M.T. Physical
Activity in the Acute Ward Following Hip Fracture Surgery Is Associated with Less
Fear of Falling. J Aging Phys Act 2016, 24, 525-532, doi:10.1123/japa.2015-0071.

224. O’Halloran, P.D.; Shields, N.; Blackstock, F.; Wintle, E.; Taylor, N.F.
Motivational Interviewing Increases Physical Activity and Self-Efficacy in People
Living in the Community after Hip Fracture: A Randomized Controlled Trial. Clin
Rehabil 2016, 30, 1108-1119, doi:10.1177/0269215515617814.

225. Monticone, M.; Ambrosini, E.; Brunati, R.; Capone, A.; Pagliari, G.; Secci, C.;
Zatti, G.; Ferrante, S. How Balance Task-Specific Training Contributes to Improving
Physical Function in Older Subjects Undergoing Rehabilitation Following Hip Fracture:
A Randomized Controlled Trial. Clin Rehabil 2018, 32, 340-351,
do0i:10.1177/0269215517724851.

226. Briggs, R.A.; Houck, J.R.; Drummond, M.J.; Fritz, J.M.; LaStayo, P.C.; Marcus,
R.L. Muscle Quality Improves with Extended High-Intensity Resistance Training after
Hip Fracture. J Frailty Aging 2018, 7, 51-56, d0i:10.14283/jfa.2017.31.

227. Lee, S.Y.; Yoon, B.-H.; Beom, J.; Ha, Y.-C.; Lim, J.-Y. Effect of Lower-Limb
Progressive Resistance Exercise After Hip Fracture Surgery: A Systematic Review and
Meta-Analysis of Randomized Controlled Studies. J Am Med Dir Assoc 2017, 18,
1096.e19-1096.e26, doi:10.1016/j.jamda.2017.08.021.

228. Bozkurt, H.H.; Atik, O.S.; Tokgoz, M.A. Can Distal Radius or Vertebra
Fractures Due to Low-Energy Trauma Be a Harbinger of a Hip Fracture? Eklem


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

Hastalik Cerrahisi 2018, 29, 100-103, doi:10.5606/ehc.2018.004.

229. Trevisan, C.; Bedogni, M.; Pavan, S.; Shehu, E.; Piazzani, F.; Manzato, E.;
Sergi, G.; March, A. The Impact of Second Hip Fracture on Rehospitalization and
Mortality in Older Adults. Arch Gerontol Geriatr 2020, 90, 104175,
doi:10.1016/j.archger.2020.104175.

230. Downey, C.; Flannery, S.; Abd Wahab, E.H.; Askin, D.; O’Kelly, P.; Shortt,
C.P.; O’Daly, B.J.; Quinlan, J.F. The Patient’s Second Hip Fracture - One in Ten. Ir
Med J 2020, 113, 93.

231. Batin, S.; Ozan, F.; Gurbuz, K.; Koyuncu, S.; Vatansever, F.; Uzun, E.
Evaluation of Risk Factors for Second Hip Fractures in Elderly Patients. J Clin Med Res
2018, 10, 217-220, doi:10.14740/jocmr3287w.

232. Mazzucchelli, R.; Pérez-Fernandez, E.; Crespi, N.; Garcia-Vadillo, A.;
Rodriguez Caravaca, G.; Gil de Miguel, A.; Carmona, L. Second Hip Fracture:
Incidence, Trends, and Predictors. Calcif Tissue Int 2018, 102, 619-626,
d0i:10.1007/s00223-017-0364-2.

233. Guy, P.; Sobolev, B.; Sheehan, K.J.; Kuramoto, L.; Lefaivre, K.A. The Burden
of Second Hip Fractures: Provincial Surgical Hospitalizations over 15 Years. Can J
Surg 2017, 60, 101-107, doi:10.1503/cjs.008616.

234. Juhész, K.; Boncz, I.; Patczai, B.; Mintéal, T.; Sebestyén, A. Risk Factors for
Contralateral Hip Fractures Following Femoral Neck Fractures in Elderly: Analysis of
the Hungarian Nationwide Health Insurance Database. Eklem Hastalik Cerrahisi 2016,
27, 146-152, doi:10.5606/ehc.2016.30.

235. Chen, F.-P.; Shyu, Y.-C.; Fu, T.-S,; Sun, C.-C.; Chao, A.-S.; Tsai, T.-L.; Huang,
T.-S. Secular Trends in Incidence and Recurrence Rates of Hip Fracture: A Nationwide
Population-Based Study. Osteoporos Int 2017, 28, 811-818, doi:10.1007/s00198-016-
3820-3.

236. Zhu, Y.; Chen, W.; Sun, T.; Zhang, Q.; Liu, S.; Zhang, Y. Epidemiological
Characteristics and Outcome in Elderly Patients Sustaining Non-Simultaneous Bilateral
Hip Fracture: A Systematic Review and Meta-Analysis. Geriatr Gerontol Int 2015, 15,
11-18, d0i:10.1111/ggi.12368.

237. Ho, A.W.H.; Wong, S.H. Second Hip Fracture in Hong Kong - Incidence,
Demographics, and Mortality. Osteoporos Sarcopenia 2020, 6, 71-74,
doi:10.1016/j.af0s.2020.05.004.

238. Yoshii, I.; Kitaoka, K.; Hashimoto, K. Clinical Characteristics of Osteoporotic
Second Hip Fracture: From the Data of Clinical Pathway with Regional Alliance in
Rural Region in Japan. J Orthop Sci 2019, 24, 836-841, doi:10.1016/j.j0s.2018.12.029.

239. Harvey, L.; Toson, B.; Mitchell, R.; Brodaty, H.; Draper, B.; Close, J. Incidence,
Timing and Impact of Comorbidity on Second Hip Fracture: A Population-Based Study.
ANZ J Surg 2018, 88, 577-581, doi:10.1111/ans.14507.

240. Judge, A.; Javaid, M.K.; Leal, J.; Hawley, S.; Drew, S.; Sheard, S.; Prieto-


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

Alhambra, D.; Gooberman-Hill, R.; Lippett, J.; Farmer, A.; et al. Models of Care for the
Delivery of Secondary Fracture Prevention after Hip Fracture: A Health Service Cost,
Clinical Outcomes and Cost-Effectiveness Study within a Region of England; Health
Services and Delivery Research; NIHR Journals Library: Southampton (UK), 2016;

241. Lee, S.-H.; Chen, I.-J.; Li, Y.-H.; Fan Chiang, C.-Y.; Chang, C.-H.; Hsieh, P.-H.
Incidence of Second Hip Fractures and Associated Mortality in Taiwan: A Nationwide
Population-Based Study of 95,484 Patients during 2006-2010. Acta Orthop Traumatol
Turc 2016, 50, 437442, doi:10.1016/j.a0tt.2016.06.008.

242. Leal, J.; Gray, A.M.; Prieto-Alhambra, D.; Arden, N.K.; Cooper, C.; Javaid,
M.K.; Judge, A.; REFReSH study group Impact of Hip Fracture on Hospital Care Costs:
A Population-Based Study. Osteoporos Int 2016, 27, 549-558, doi:10.1007/s00198-
015-3277-9.

243. Wongtriratanachai, P.; Chiewchantanakit, S.; Vaseenon, T.; Rojanasthien, S.;
Leerapun, T. Second Hip Fractures at Chiang Mai University Hospital. J Med Assoc
Thai 2015, 98, 201-206.

244. Sobolev, B.; Sheehan, K.J.; Kuramoto, L.; Guy, P. Risk of Second Hip Fracture
Persists for Years after Initial Trauma. Bone 2015, 75, 7276,
doi:10.1016/j.bone.2015.02.003.

245.  Tamimi, I.; Madathil, S.A.; Kezouh, A.; Nicolau, B.; Karp, I.; Tamimi, F. Effect
of Acetylcholinesterase Inhibitors on Post-Surgical Complications and Mortality
Following a Hip Fracture: A Cohort Study. J Musculoskelet Neuronal Interact 2017, 17,
69-77.

246. van der Steenhoven, T.J.; Staffhorst, B.; Van de Velde, S.K.; Nelissen,
R.G.H.H.; Verhofstad, M.H.J. Complications and Institutionalization Are Almost
Doubled after Second Hip Fracture Surgery in the Elderly Patient. J Orthop Trauma
2015, 29, €103-108, doi:10.1097/BOT.0000000000000233.

247. Chuang, P.-Y.; Shen, S.-H.; Yang, T.-Y.; Huang, T.-W.; Huang, K.-C. Non-
Steroidal Anti-Inflammatory Drugs and the Risk of a Second Hip Fracture: A
Propensity-Score Matching Study. BMC Musculoskelet Disord 2016, 17, 201,
d0i:10.1186/512891-016-1047-2.

248. Huang, K.-C.; Huang, T.-W.; Yang, T.-Y.; Lee, M.S. Chronic NSAIDs Use
Increases the Risk of a Second Hip Fracture in Patients After Hip Fracture Surgery:
Evidence From a STROBE-Compliant Population-Based Study. Medicine (Baltimore)
2015, 94, e1566, doi:10.1097/MD.0000000000001566.

249.  Sheikh, H.Q.; Hossain, F.S.; Khan, S.; Usman, M.; Kapoor, H.; Aqil, A. Short-
Term Risk Factors for a Second Hip Fracture in a UK Population. Eur J Orthop Surg
Traumatol 2019, 29, 1055-1060, doi:10.1007/s00590-019-02412-8.

250. Cabalatungan, S.; Divaris, N.; McCormack, J.E.; Huang, E.C.; Kamadoli, R.;
Abdullah, R.; Vosswinkel, J.A.; Jawa, R.S. Incidence, Outcomes, and Recidivism of
Elderly Patients Admitted For Isolated Hip Fracture. J Surg Res 2018, 232, 257265,
d0i:10.1016/j.jss.2018.06.054.


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

251. Dubljanin Raspopovic, E.; Markovi¢ Deni¢, L.; Tomanovi¢ Vujadinovié, S.;
Kadija, M.; Nedeljkovi¢, U.; Ili¢, N.; Milovanovié, D. Instrumental Activities of Daily
Living-A Good Tool to Prospectively Assess Disability after a Second Contralateral Hip
Fracture? Geriatrics (Basel) 2020, 5, doi:10.3390/geriatrics5040067.

252. Yagura, T.; Oe, K.; Paku, M.; Tajima, T.; Nakamura, M.; lida, H.; Saito, T. A
Possible Protective Effect of the “Cam Deformity” on Femoral Neck Fracture: The
Relationship between Hip Morphology and the Types of Hip Fracture. Acta Med
Okayama 2020, 74, 221-227, doi:10.18926/AMO/59954.

253. Sobolev, B.; Sheehan, K.J.; Kuramoto, L.; Guy, P. Excess Mortality Associated
with Second Hip Fracture. Osteoporos Int 2015, 26, 1903-1910, doi:10.1007/s00198-
015-3104-3.

254. Besalduch, M.; Carrera, |.; Gomez-Masdeu, M.; De Caso, J. Antiresorptive
Treatment, When Initiated after a First Hip Fracture, May Not Protect of a Second
Contralateral Episode in Elderly Population: A Study with 685 Patients. Injury 2016,
47, 877-880, doi:10.1016/j.injury.2016.01.040.

255.  Chen, Y.J.; Kung, P.T.; Chou, W.Y; Tsai, W.C. Alendronate Medication
Possession Ratio and the Risk of Second Hip Fracture: An 11-Year Population-Based
Cohort Study in Taiwan. Osteoporos Int 2020, 31, 1555-1563, doi:10.1007/s00198-
020-05399-9.

256. Peng, J.; Liu, Y.; Chen, L.; Peng, K.; Xu, Z.; Zhang, D.; Xiang, Z.
Bisphosphonates Can Prevent Recurrent Hip Fracture and Reduce the Mortality in
Osteoporotic Patient with Hip Fracture: A Meta-Analysis. Pak J Med Sci 2016, 32,
499-504, doi:10.12669/pjms.322.9435.

257. Manetti, S.; Turchetti, G.; Fusco, F. Determining the Cost-Effectiveness
Requirements of an Exoskeleton Preventing Second Hip Fractures Using Value of
Information. BMC Health Serv Res 2020, 20, 955, doi:10.1186/s12913-020-05768-4.

258.  Szpalski, M.; Gunzburg, R.; Aebi, M.; Delimoge, C.; Graf, N.; Eberle, S.;
Vienney, C. A New Approach to Prevent Contralateral Hip Fracture: Evaluation of the
Effectiveness of a Fracture Preventing Implant. Clin Biomech (Bristol, Avon) 2015, 30,
713-719, d0i:10.1016/j.clinbiomech.2015.05.001.

259. Mohammad Ismail, A.; Borg, T.; Sjolin, G.; Pourlotfi, A.; Holm, S.; Cao, Y.;
Wretenberg, P.; Ahl, R.; Mohseni, S. B-Adrenergic Blockade Is Associated with a
Reduced Risk of 90-Day Mortality after Surgery for Hip Fractures. Trauma Surg Acute
Care Open 2020, 5, 000533, doi:10.1136/tsaco-2020-000533.

260. van der Zwaard, B.C.; Stein, C.E.; Bootsma, J.E.M.; van Geffen, H.J.A.A.;
Douw, C.M.; Keijsers, C.J.P.W. Fewer Patients Undergo Surgery When Adding a
Comprehensive Geriatric Assessment in Older Patients with a Hip Fracture. Arch
Orthop Trauma Surg 2020, 140, 487-492, doi:10.1007/s00402-019-03294-5.

261. Zerah, L.; Hajage, D.; Raux, M.; Cohen-Bittan, J.; Méziere, A.; Khiami, F.; Le
Manach, Y.; Riou, B.; Boddaert, J. Attributable Mortality of Hip Fracture in Older
Patients: A Retrospective Observational Study. J Clin Med 2020, 9,


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

d0i:10.3390/jcm9082370.

262. Daraphongsataporn, N.; Saloa, S.; Sriruanthong, K.; Philawuth, N.; Waiwattana,
K.; Chonyuen, P.; Pimolbutr, K.; Sucharitpongpan, W. One-Year Mortality Rate after
Fragility Hip Fractures and Associated Risk in Nan, Thailand. Osteoporos Sarcopenia
2020, 6, 65-70, doi:10.1016/j.afos.2020.05.005.

263. Capkin, S.; Guler, S.; Ozmanevra, R. C-Reactive Protein to Albumin Ratio May
Predict Mortality for Elderly Population Who Undergo Hemiarthroplasty Due to Hip
Fracture. J Invest Surg 2020, 1-6, doi:10.1080/08941939.2020.1793038.

264. Huette, P.; Abou-Arab, O.; Djebara, A.-E.; Terrasi, B.; Beyls, C.; Guinot, P.-G.;
Havet, E.; Dupont, H.; Lorne, E.; Ntouba, A.; et al. Risk Factors and Mortality of
Patients Undergoing Hip Fracture Surgery: A One-Year Follow-up Study. Sci Rep 2020,
10, 9607, doi:10.1038/s41598-020-66614-5.

265. Drevet, S.; Bornu, B.-J.C.; Boudissa, M.; Bioteau, C.; Maziere, S.; Merloz, P.;
Couturier, P.; Tonetti, J.; Gavazzi, G. [One-year mortality after a hip fracture:
prospective study of a cohort of patients aged over 75 years old]. Geriatr Psychol
Neuropsychiatr Vieil 2019, 17, 369-376, doi:10.1684/pnv.2019.0821.

266. Menéndez-Colino, R.; Gutiérrez Misis, A.; Alarcon, T.; Diez-Sebastian, J.; Diaz
de Bustamante, M.; Queipo, R.; Otero, A.; Gonzalez-Montalvo, J.I. Development of a
New Comprehensive Preoperative Risk Score for Predicting 1-Year Mortality in
Patients with Hip Fracture: The HULP-HF Score. Comparison with 3 Other Risk
Prediction Models. Hip Int 2020, 1120700020947954, d0i:10.1177/1120700020947954.

267. Choi, J.-Y.; Cho, K.-J.; Kim, S.-W.; Yoon, S.-J.; Kang, M.-G.; Kim, K.-1.; Lee,
Y .-K.; Koo, K.-H.; Kim, C.-H. Prediction of Mortality and Postoperative Complications
Using the Hip-Multidimensional Frailty Score in Elderly Patients with Hip Fracture. Sci
Rep 2017, 7, 42966, doi:10.1038/srep42966.

268. Chesser, T.J.S.; Inman, D.; Johansen, A.; Belluati, A.; Pari, C.; Contini, A.;
Voeten, S.C.; Hegeman, J.H.; Ponsen, K.J.; Montero-Fernandez, N.; et al. Hip Fracture
Systems—European Experience. OTA International 2020, 3, €050,
doi:10.1097/019.0000000000000050.

269. Williamson, S.; Landeiro, F.; McConnell, T.; Fulford-Smith, L.; Javaid, M.K;
Judge, A.; Leal, J. Costs of Fragility Hip Fractures Globally: A Systematic Review and
Meta-Regression Analysis. Osteoporos Int 2017, 28, 2791-2800, doi:10.1007/s00198-
017-4153-6.

270. Tan, L.T.J.; Wong, S.J.; Kwek, E.B.K. Inpatient Cost for Hip Fracture Patients
Managed with an Orthogeriatric Care Model in Singapore. Singapore Med J 2017, 58,
139-144, doi:10.11622/smedj.2016065.

271. Caeiro, J.R.; Bartra, A.; Mesa-Ramos, M.; Etxebarria, I.; Montejo, J.;
Carpintero, P.; Sorio, F.; Gatell, S.; Farré, A.; Canals, L.; et al. Burden of First
Osteoporotic Hip Fracture in Spain: A Prospective, 12-Month, Observational Study.
Calcif. Tissue Int. 2017, 100, 29-39, doi:10.1007/s00223-016-0193-8.

272. Bartra, A.; Caeiro, J.-R.; Mesa-Ramos, M.; Etxebarria-Foronda, I.; Montejo, J.;


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

Carpintero, P.; Sorio-Vilela, F.; Gatell, S.; Canals, L.; en representacion de los
investigadores del estudio PROA Cost of Osteoporotic Hip Fracture in Spain per
Autonomous Region. Rev Esp Cir Ortop Traumatol 2019, 63, 5668,
doi:10.1016/j.recot.2018.03.005.

273.  Adeyemi, A.; Delhougne, G. Incidence and Economic Burden of
Intertrochanteric Fracture: A Medicare Claims Database Analysis. JB JS Open Access
2019, 4, e0045, doi:10.2106/JBJS.0A.18.00045.

274.  Arshi, A.; Rezzadeh, K.; Stavrakis, A.l.; Bukata, S.V.; Zeegen, E.N.
Standardized Hospital-Based Care Programs Improve Geriatric Hip Fracture Outcomes:
An Analysis of the ACS NSQIP Targeted Hip Fracture Series. J Orthop Trauma 2019,
33, e223-€228, doi:10.1097/BOT.0000000000001443.

275. Reyes, B.J.; Mendelson, D.A.; Mujahid, N.; Mears, S.C.; Gleason, L.;
Mangione, K.K.; Nana, A.; Mijares, M.; Ouslander, J.G. Postacute Management of
Older Adults Suffering an Osteoporotic Hip Fracture: A Consensus Statement From the
International Geriatric Fracture Society. Geriatr Orthop Surg Rehabil 2020, 11,
2151459320935100, d0i:10.1177/2151459320935100.

276. Gonzalez Montalvo, J.1.; Gotor Pérez, P.; Martin Vega, A.; Alarcon Alarcon, T.;
Mauledn Alvarez de Linera, J.L.; Gil Garay, E.; Garcia Cimbrelo, E.; Alonso Biarge, J.
La Unidad de Ortogeriatria de Agudos. Evaluacion de Su Efecto En EI Curso Clinico de
Los Pacientes Con Fractura de Cadera y Estimacion de Su Impacto Econdmico. Revista
Espafiola de Geriatria y Gerontologia 2011, 46, 193-199,
doi:10.1016/j.regg.2011.02.004.

277. Ginsberg, G.; Adunsky, A.; Rasooly, I. A Cost-Utility Analysis of a
Comprehensive Orthogeriatric Care for Hip Fracture Patients, Compared with Standard
of Care Treatment. Hip Int 2013, 23, 570-575, doi:10.5301/hipint.5000080.

278. Eamer, G.; Taheri, A.; Chen, S.S.; Daviduck, Q.; Chambers, T.; Shi, X.;
Khadaroo, R.G. Comprehensive Geriatric Assessment for Older People Admitted to a
Surgical Service. Cochrane Database Syst Rev 2018, 1, CD012485,
d0i:10.1002/14651858.CD012485.pub?2.

279. Leal, J.; Gray, A.M.; Hawley, S.; Prieto-Alhambra, D.; Delmestri, A.; Arden,
N.K.; Cooper, C.; Javaid, M.K.; Judge, A.; and the REFReSH Study Group Cost-
Effectiveness of Orthogeriatric and Fracture Liaison Service Models of Care for Hip
Fracture Patients: A Population-Based Study. J Bone Miner Res 2017, 32, 203-211,
doi:10.1002/jbmr.2995.

280. Eamer, G.; Saravana-Bawan, B.; van der Westhuizen, B.; Chambers, T.;
Ohinmaa, A.; Khadaroo, R.G. Economic Evaluations of Comprehensive Geriatric
Assessment in Surgical Patients: A Systematic Review. J Surg Res 2017, 218, 9-17,
d0i:10.1016/j.jss.2017.03.041.

281. Mesa Ramos, M.; Caeiro-Rey, J.R. Orthogeriatric Units. They Are Really
Necessary. Glob J Ortho Res 2020, 2, 4, doi: 10.33552/GJOR.2020.02.000542

282. Allsop, S.; Morphet, J.; Lee, S.; Cook, O. Exploring the Roles of Advanced


https://doi.org/10.20944/preprints202102.0489.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 February 2021 d0i:10.20944/preprints202102.0489.v1

Practice Nurses in the Care of Patients Following Fragility Hip Fracture: A Systematic
Review. J Adv Nurs 2020, doi:10.1111/jan.14692.

283. Van Camp, L.; Dejaeger, M.; Tournoy, J.; Gielen, E.; Laurent, M.R. Association
of Orthogeriatric Care Models with Evaluation and Treatment of Osteoporosis: A
Systematic Review and Meta-Analysis. Osteoporos Int 2020, 31, 20832092,
doi:10.1007/s00198-020-05512-y.

284. Sheehan, K.J.; Fitzgerald, L.; Hatherley, S.; Potter, C.; Ayis, S.; Martin, F.C.;
Gregson, C.L.; Cameron, 1.D.; Beaupre, L.A.; Wyaltt, D.; et al. Inequity in
Rehabilitation Interventions after Hip Fracture: A Systematic Review. Age Ageing
2019, 48, 489-497, doi:10.1093/ageing/afz031.


https://doi.org/10.20944/preprints202102.0489.v1

