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Abstract
BACKGROUND
Hemiarthroplasty is the most common treatment in elderly patients with displaced intra-capsular femoral neck fracture (FNF). Prosthetic joint infection (PJI) is one of the most feared and frequent complications post-surgery because of the frail health status of these patients and the need for fast track surgery. Therefore, priorities should lie in effective preventive strategies to mitigate this burden.

AIM
To determine how much the implementation of the routine use of antibiotic-loaded bone cement (ALBC) as a relatively easy-to-apply amendment to the surgical practice reduces the infection rate in our hemiarthroplasty cohort.

METHODS
We retrospectively assessed all demographic, health status and treatment-related data of our FNF patients undergoing cemented hemiarthroplasty in the period from 2011 to 2017; 241 patients were further analyzed after exclusion of patients with cancer-related sequelae and those who died before the end of the 1-year observation period. The PJI rate as diagnosed on basis of the Musculoskeletal Infection Society (MSIS) criteria 2011 was determined for each included patient and compared in function of the bone cement used for hip stem fixation. Patients were split into a group receiving a plain bone cement in the period from January 2011 to June 2013 (non-ALBC group) and into a group receiving an ALBC in the period July 2013 to December 2017 (ALBC group). Data analysis was performed with statistical software. We further calculated the cost-efficacy of the implementation of routine use of ALBC in the second group balancing the in-hospital infection related treatment costs with the extra costs of use of ALBC.

RESULTS
In total 241 FNF patients who received cemented hemiarthroplasty in the period from January 2011 to January 2017 were eligible for inclusion in this retrospective study. There were 8 PJI cases identified in the ALBC group among n = 94 patients, whereas 28 PJI cases were observed in the non-ALBC group among n = 147 patients. The statistical analysis showed an infection risk reduction of 55.3% (in particular due to the avoidance of chronic delayed infections) in the ALBC group (95%CI: 6.2%-78.7%; P = 0.0025). The cost-evaluation analysis demonstrated a considerable cost saving of 3.500 € per patient, related to the implementation of routine use of ALBC in this group. 

CONCLUSION
Use of ALBC is a potent infection preventive factor in FNF patients receiving cemented hemiarthroplasties. It was further found to be highly cost-effective.
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INTRODUCTION
Prosthetic joint infection (PJI) is a rare but very dreadful complication of arthroplasty. The incidence is typically in the range of 1%-2% after primary elective joint replacement[1], but easily surpasses 5% in the elderly population of femoral neck fracture (FNF) patients undergoing hemi- or total hip arthroplasty[2]. This high infection rate reflects the fragile health conditions of such patients being on an emergency surgery track and their often suboptimal pre-, peri- and postoperative care. It is expected that the FNF patient numbers will grow significantly in our ageing societies causing high socioeconomic costs and a high burden of morbidity and mortality[3]. In order to mitigate the high risk of complications occurring in this patient cohort, it is therefore mandatory to consider amendments to the routine surgical protocols. This also includes more potent preventive strategies for infections.
The prophylactic use of antibiotic-loaded bone cement (ALBC) is a frequent surgical practice in cemented hip and knee joint replacement aiming at reducing the risk of procedure related infections. The idea behind delivering antibiotics directly into the joint compartment was originally pioneered by Buchholz and Engelbrecht in 1969. They reported high initial peak concentrations of the antibiotic eluted in situ from bone cement which was found to exceed 100-1000 fold the minimum inhibitory concentration (MIC) of the pathogen in the first days without exposing the patient to major risks of side effects[4,5]. Systemically applied antibiotics, by contrast, often do not reach effective concentration levels in the osteoarticular compartment as a consequence of reduced blood flow in inflamed tissue and limited bone penetration of many antibiotics[6]. Indeed, by implementing this additional prevention measure Buchholz achieved an impressive reduction in deep infections in both, primary and revision hip replacements[7]. Subsequently, the Scandinavian registries and – most recently - the National Joint Registry of UK have demonstrated that the additional use of ALBC to perioperative systemic prophylaxis reduces the revision risk in cemented joint replacement[8-10]. It can be further speculated that this effect might vary if specific cement brands were compared due to brand-specific differences in antibiotic elution as a function of their special polymer contents and porosities[11,12]. Although one would expect from these experiences in elective procedures that hemiarthroplasty patients might benefit equally or even more from additional local antibiotic prophylaxis, data in this patient group are still sparse. To the best of our knowledge there is also no cost evaluation available in fracture patients which calculated the treatment costs of hemiarthroplasty related infections against the extra costs of ALBC use instead of plain cement. 
In view of the very high numbers of PJI cases which we observed in the past in our hemiarthroplasty patients we decided to assess the infection preventive effect of the implementation of routine ALBC use for our cemented hemiarthroplasties. By comparing the infection rate before and after this surgical protocol modification we wanted to address the following questions in form of a retrospective clinical study: (1) (Primary endpoint of the study) Does the implementation of ALBC instead of plain cement as standard for hip stem fixation reduce the infection rates in this frail patient cohort? (2) Do we observe the highest protective effect, if we switch to an ALBC brand which has been described as a superior antibiotic eluting polymer matrix[13,14]? (3) What is the influence of individual patient risk factors and parameters on the occurrence and course of PJI cases; and (4) (Secondary endpoint of the study) Is the implementation of routine use of ALBC cost-effective? 
For this purpose we retrospectively analyzed the patients and compared the PJI rate in those hemiarthroplasty procedures which had been cemented in the period from 2011 to 2013 with the plain bone cement Cemex with the PJI rate of those procedures which had been cemented in the subsequent period 2013 to 2017 with the gentamicin loaded bone cement Palacos R+G. 

MATERIALS AND METHODS
This study (study approval number 35/17 NoEPA by Hospital Ethical Committee) analyzed all hip fracture patients treated at the University Hospital Central de la Defensa Gómez Ulla in Madrid, Spain, in the period from 2011 to 2017. Patient data and clinical histories were available on paper or in electronic form in the hospital IT program Balmis® (Hewlett Packard, Spain). In total 427 patients with diagnosis of hip fractures were reported. Of these 72 were excluded because of osteosynthesis treatment, 114 patients were further excluded because of periprosthetic or oncologic fractures or because of premature death before completing the 1-year observation period. Finally, 241 patients with intracapsular neck of femur fractures who went on to have cemented hemiarthroplasty either with a mono- or with a bipolar prosthesis in this period were found eligible for study inclusion. All interventions were performed by the same team of surgeons and the same surgical access route to the femur (direct lateral or Hardinge access route). The preoperative parental antibiotic prophylaxis was administered in the following way: either administration of 2 g of cefazolin, initiated 60 min before incision, or administration of 1 g of vancomycin, respectively, in case of contraindications or allergy against cephalosporins. In total 3 additional shots of 1 g of cefazolin, each one in an interval of 8 h, or 1 g of vancomycin, each one in an interval of 12 h, respectively, were administered postoperatively. 
The hemiarthroplasty prosthesis used in all patients of this study was the brand Multifit Integrated System® with monopolar Ellittica® head or the bipolar prosthesis head SBA® (both Samobiomedical, Italy). The bone cement used for stem fixation in the period from January 2011 until June 2013 was the antibiotic-free brand Cemex (Tecres Spa, Italy) of high viscosity, mixed under atmospheric conditions and retrogradely injected with aid of a gun. The bone cement subsequently used in the period from July 2013 until the end of the study in December 2017 was the 0.5 g gentamicin containing high viscous cement Palacos R+G (Heraeus-Medical, Germany), prepared in a vacuum-mixing system and retrogradely injected under pressure with aid of a gun. 
The following patient data were collected from the files: age, sex, type of intracapsular femur fracture according to the Garden classification, type of trauma (low or high energy impact), form of arrival to the emergency department at the hospital (self-walking, in vehicle of relatives, by ambulance or transfer from another health institution). Presence of risk factors for infections were recorded including inflammatory arthropathies, degree of immunosuppression, diabetes mellitus, previous articular infection, malnutrition, hemophilia and presence of tumors. The health status of all patients was assessed using the American Society of Anesthesiologists (ASA) score, the degree of mobility was assessed according to the Functional Ambulation Category (FAC) score and the Barthel Functional (BF) index for activities of daily living was used to evaluate the level of functional independence. The diagnosis of acute or delayed periprosthetic infections within the observation period of 1 year was done on basis of the MSIS criteria 2011[15] (see Table 1). All data were collected in a Microsoft Excel® speadsheet in strict anonymous form and analyzed using the statistical software package of SPSS®, versión 15 (SPSS Inc., Chicago, IL, United States).
We further performed a cost-evaluation in which we compared across both study arms the overall product related costs as well as the costs related to the surgical interventions and to the days of in-hospital care according to the 2014 updated DRG (diagnosis related groups) based hospital reimbursement regulation DEF/2277/2014 for medical services and products in institutions of the Ministry of Defense of Spain. These costs include in detail: (1) Routine and special diagnostic and therapeutic examinations prior to the surgical procedure; (2) All expenses related to complications during the pre-, peri- and post-operative phase; (3) All expenses of surgical reinterventions, if required, because of bad surgical practice and within a period of 2 mo from day of hospital discharge; (4) All medication during the treatment including blood supply and hemoderivates; (5) Nutritional assistance including parenteral or enteral products; (6) Expenses related to the medical team (specialized doctors, nurses and auxillary staff); (7) Expenses for use of theatre and anesthesia; (8) Expenses for all required medical consumables and pre- and postoperative controls including the early ambulatory phase; (9) Expenses related to the days in an individual or shared hospital room; (10) Expenses within the intensive care unit, if required; and (11) Expenses for revision-related procedures after hospital discharge.

RESULTS
In total 241 patients with intracapsular neck of femur fractures who went on to receive cemented hemiarthroplasty in the period from January 2011 to December 2017 were eligible for inclusion in this retrospective study. They were stratified into 2 study groups according to the bone cement used for the fixation of the hip stem, 94 patients received the gentamicin-loaded bone cement (ALBC group) and 147 patients received the plain cement without any added antibiotic (non-ALBC group). The demographic and health status related data for all patients were analyzed in detail and compared between both groups with focus on risk factors for infections (see Table 2). There were 38 patients (25.9%) in the non-ALBC group who had one or several risk factors including inflammatory arthropathies, malnutrition, immunosuppression, diabetes, prior articular infection, tumors or hemophilia. The percentage of risk for infection patients was higher in the ALBC group with 39.4% (n = 47). Use of oral anticoagulants (acenocumarol) was also assessed and compared between the groups (6.8% in the non-ALBC group vs 8.5% in the ALBC group, data not shown). The predominant overall ASA status of the patients in both groups was 3 (52.9%) and the predominant FAC mobility score was 4. Distribution of sex and average of patient age were comparable in both groups.

Primary endpoint
The overall incidence of PJI was compared between both groups. The number of infection cases was found to be with 8 cases among 94 patients (8.5%) significantly lower in the ALBC group as opposed to 28 infections among 147 patients in the non-ALBC group (19%) within the observation period of 1 year (see Figure 1A). From the total number of 8 infections occurring in the ALBC group, 4 cases were classified as acute (evolution of symptoms before 3 mo) and 4 cases as chronic delayed (evolution of symptoms after three months). In the non-ALBC group, 8 infections were of acute nature while 20 were delayed (see Figure 1B). This means in the statistical analysis that the use of the gentamicin-loaded bone cement Palacos R+G instead of the plain cement Cemex led to an overall reduction of the infection risk of 55.3% (95%CI: 6.2%-78.7%; P = 0.0025). The number needed to treat was 1.8.

Secondary endpoint
The implementation of routine use of the antibiotic-loaded bone cement Palacos R+G instead of the plain cement Cemex resulted in additional treatment costs. In order to justify these extra costs, we calculated the cost-benefit ratio of this new measure on basis of our routine hemiarthroplasty cost figures and the additional treatment expenses related to the management of the infection cases. The documented in-hospital costs for the implantation of a primary cemented hemiprosthesis in our institution are 12.665 €. In case of complications these costs increase significantly to 24.205 € for treatment of acute infections or to 35.746 € for the treatment of chronic delayed infections, reflecting in particular length of stay in the hospital and additional surgical intervention costs. The added costs for each patient receiving ALBC instead of plain cement (+20 € per package of 40 g) were subsequently put in relation to the number of avoided infections in the ALBC group. Based on the above shown numbers of infections occurring in each group with their subsequent treatment costs for both, acute and chronic cases, we calculated an average treatment cost of 14.127 € per patient in the ALBC group and of 17.632 € per patient in the non-ALBC group. These figures represent a cost saving of approximately 3.505 € for each patient after switching to the ALBC Palacos R+G.

DISCUSSION
The occurrence of PJI in the cohort of FNF patients treated with hemiarthroplasty is much more frequent and an even more catastrophic complication than in elective hip replacement patients. The high infection rates reflect the general frailty of the patients presenting at an advanced age, with an acute trauma event and with a high burden of comorbidities[16]. Further risk factors for infections have to be added to this including the operative conditions (junior surgeon, uncemented stems, duration of surgery) and the post-operative management regimen (length of hospitalization, hematoma, prolonged wound drainage and urinary catheterizations) as shown in a recent literature review[17]. The surgical and antibiotic treatment of the infection cases together with the extended immobility period further weakens the organism leading to 1-year mortality rates in the range of 40% to 50%[18,19].
Staphylococcus is the most commonly found microorganism in acute and chronic infections. While the prevalence of S. aureus as culprit of PJI is gradually decreasing, coagulase-negative Staphylococci are being found more and more in acute and particularly chronic infections[20]. These bacteria are either directly inoculated through contaminated implants during surgery or postoperatively through contiguous spread from slow healing wounds or through hematogeneous dissemination from more remote bacteremias. Among the anti-straphylococcal weapons available the bactericidal antibiotic gentamicin has still largely retained its antimicrobial efficacy – at least if it is present at high concentrations. Such high peak levels can be expected after initial release of the antibiotic from a well eluting bone cement. Indeed, the analysis of major European arthroplasty registries has shown that the combination of systemic perioperative and local antibiotic prophylaxis via gentamicin-loaded bone cement lowers the overall revision risk and protects the implants from early infections[8-10] In a similar way Sanz-Ruiz et al[21] recently observed an impressive reduction in their PJI rate (-57% for all cemented primary prostheses and -72.6% for cemented hip replacements) after switching from plain cement to ALBC. Interestingly, the PJI incidence in all their uncemented procedures did not change in the entire observation period, thus suggesting that the outcome was, in fact, due to the change of the bone cement category[21]. 
One might speculate that the particularly frail population of FNF patients treated with cemented hemiarthroplasty would equally or benefit even more from the presence of an additional antimicrobial “frontline” in situ. However, this hypothesis has not been systematically evaluated in our country. Our present study provides evidence that the implementation of the routine use of ALBC instead of plain cement is a powerful anti-infective measure in this patient cohort. We show here that the number of PJI cases could be significantly reduced by 55% if stems were cemented with ALBC. This effect was even more remarkable in light of the higher percentage of patients with well described risk factors for infections in the ALBC group compared to the non-ALBC group.
We are aware that this finding may not only reflect the switch from an unloaded to an antibiotic-loaded cement category, but may also depend on individual cement brand characteristics. This fits to prior observations showing that the ALBC brand PALACOS R+G has a superior antibiotic elution behaviour compared to other bone cement brands[13,14]. 
The PJI rate in our hemiarthroplasty patients was found to be much higher than described in the literature, probably reflecting “real world” experiences in our hospital until recently. This refers to the absence of a special orthogeriatric optimization protocol prior and post-surgery as well as to the absence of a routine follow-up of possible complications. Patients were transferred back to their residences or homes and followed by a general practitioner without further hospital consultations in the orthopedic unit where the surgery had been performed. This led to practices where patients with infections were re-admitted to our hospital in an already chronic state, with strong wound dehiscence or even fistula formation and oral antibiotic therapy already initiated. The lessons which we learned from these observations have now triggered the implementation of new protocols. We now routinely improve the pre-operative control of our FNF patients (focus on nutritional status, glycemic control, treatment of urinary tract infections etc.), we strictly avoid intraoperative hypothermia and implement postoperative follow-up consultations in the hospital with early diagnosis of possible infection cases. By following these new protocols in combination with the use of ALBC we hope to further decrease the PJI incidence in our FNF patients. 
Inspired by recent observations that the antibiotic combinations gentamicin and clindamycin or gentamicin and vancomycin in bone cement exert a stronger and more sustained growth inhibition on many bacteria compared to the gentamicin mono-cement[22,23], we will soon start to test the hypothesis of an even more efficient local antibiotic prophylaxis with dual ALBC in our FNF patients. We therefore want to repeat the here described clinical study comparing in the future PJI incidence between a group receiving the single ALBC Palacos R+G vs the PJI rate in a group receiving the dual ALBC Copal G+C (containing 1 g of gentamicin and 1 g of clindamycin). Indeed, Sanz-Ruiz et al[24] have recently provided some proof of concept by showing that the routine use of Copal G+C decreased the number of PJI cases in procedures associated with a higher infection risk (aseptic knee revision procedures). The observed risk reduction in the Copal G+C group was 53% compared to the Palacos R+G group. Similarly, Sprowson et al[25] also reported a lower infection rate in their highly standardized hemiarthroplasty patient cohorts in the United Kingdom, if allocated to the dual ALBC group. However, it has to be pointed out that the United Kingdom in contrast to many other countries follows a high standard of care for fracture patients by imposing orthogeriatric guidelines on the basis of regular assessments of their national fracture database[26]. Therefore, clinical treatment experiences in the United Kingdom may not be fully transferable to countries with less rigorous orthogeriatric care standards.
Routine use of ALBC is still associated with concerns regarding possible systemic side effects and the risk of resistance development. While caution with high dose ALBC (exceeding concentrations of 3.6 g antibiotic per 40 g of cement – e.g., in spacers during staged septic treatment) appears justified for patients with pre-existing acute kidney injuries[27], there is no evidence for such concerns with low dose ALBC. In fact, we did not observe a higher rate of complications attributed to the use of ALBC in our FNF patients nor a higher rate of Clostridium difficile infections. Because of the local mode of antibiotic action there is also no proof so far that ALBC use triggers clinically relevant antibiotic resistance development[28].
Most health systems have come under progressive economic pressure. It is therefore of interest to conclude from our simple cost-benefit evaluations that the relatively easily applicable measure of routine ALBC use in hemiarthroplasty patients has such a cost saving potential in our institution. We could show that approximately 3.500 € could be saved for each patient in the ALBC group. Although this figure will vary from country to country and even from hospital to hospital depending on the price differences between the cements and the hospital-specific PJI treatment costs, we believe that they can provide an indication of what can be achieved. 
Our study has several limitations. These refer in the first instance to the retrospective nature of the study and to the limited and not equally balanced number of patients in each study arm. We can also not exclude a cement material related effect because of choosing the plain cement brand from one manufacturer and the ALBC brand from another. However, we would rule out a major patient, procedure and surgical skill related bias between both groups, since patient characteristics, prosthesis use and duration of surgeries as well as the pool of operating surgeons were comparable in the observation periods. 

CONCLUSION
The present pilot study has demonstrated that in the absence of good clinical protocols for the frail cohort of FNF patients the relatively easy-to-apply implementation of routine use of ALBC significantly reduces the high number of PJI cases in cemented hemiarthroplasty. This measure was found to be highly cost-effective and leads to considerable savings of treatment costs. The study also brings to attention how important it is to implement orthogeriatric guidelines in a hospital in order to achieve a better pre-, peri- and postoperative care of FNF patients.
Further studies are needed to truly elucidate the effect of ALBC – even loaded with two antibiotics - on a larger scale in FNF patients. Based on our experiences so far we strongly recommend the use of ALBC for cemented arthroplasty in FNF patients.

ARTICLE HIGHLIGHTS
Research background
Use of antibiotic-loaded bone cement (ALBC) for fixation of cemented hip stems in the context of hemiarthroplasties may establish an additional antimicrobial “frontline” in the vulnerable joint compartment.

Research motivation
Given the high periprosthetic joint infection (PJI) rates in this frail patient group of femur neck fracture (FNF), it appears mandatory to consider further effective and easy-to-apply infection preventive measures.

Research objectives
The aim of this study was to compare the PJI rate between patients receiving cemented hip stems with plain cement (non-ALBC group) and patients receiving cemented hip stems with gentamicin-loaded bone cement (ALBC group) in one of the biggest Military hospitals in Spain. The treatment costs of PJI cases in each group were subsequently put in relation to the extra costs related to the routine use of ALBC instead of plain cement. 

Research methods
In total 241 FNF patients who went on to receive cemented hemiarthroplasty during the period from January 2011 to December 2017 were eligible for inclusion in this retrospective study. Patients were stratified into 2 study groups according to the bone cement used for the fixation of the hip stem. The number of PJI cases were analyzed and compared between both groups. Infections were further differentiated between early or chronic delayed infections by the onset of symptoms. Treatment costs in each group were compared with the extra costs related to the use of gentamicin-loaded bone cement in the ALBC group. 

Research results
Use of ALBC in our hospital setting and in the absence of strict guidelines regulating pre-, peri- and postoperative care of FNF patients has been found to reduce the infection rate by 55%. Despite the extra costs of ALBC use instead of plain cement, this change of surgical practice led to savings of approximately 3500 € per patient.

Research conclusions
Use of ALBC was found to be a potent infection prevention factor in FNF patients receiving cemented hemiarthroplasties. It was further found to be highly cost-effective.

Research perspectives
Further studies validating the generalizability of our findings under different pre-, peri- and postoperative conditions of FNF patient care are warranted. This does also include the use of dual ALBC to further reduce the still high infection rates.
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Figure 1 Graphical presentation. A: The number of periprosthetic joint infection (PJI) cases (blue color) vs non-infection cases (orange color) in each group within the observation period of 1 yr; B:  The number of acute (blue color) vs chronic delayed PJI cases (orange color) in each group within the observation period of 1 yr. Staphylococci were the most frequent pathogens (S. aureus with higher prevalence in acute infections, coagulase-negative staphylococci with higher prevalence in chronic delayed infections – data not shown). PJI: Periprosthetic joint infection; ALBC: Antibiotic-loaded bone cement.

Table 1 Criteria for diagnosis of periprosthetic joint infection according to the Musculoskeletal Infection Society Workgroup[15]
	PJI exists when

	(1) There is a sinus tract communicating with the prosthesis; or (2) A pathogen is isolated by culture from at least two separate tissue or fluid samples obtained from the affected prosthetic joint; or (3) Four of the following six criteria exist: (a) Elevated serum erythrocyte sedimentation rate (ESR) and serum C-reactive protein (CRP) concentration; (b) Elevated synovial leukocyte count; (c) Elevated synovial neutrophil percentage (PMN%); (d) Presence of purulence in the affected joint; (e) Isolation of a microorganism in one culture of periprosthetic tissue or fluid; or (f) Greater than five neutrophils per high-power field in five high-power fields observed from histologic analysis of periprosthetic tissue at 9400 magnification.


PJI: Periprosthetic joint infection.

Table 2 Basic clinical data of included patients in study according to the study arms
	Items
	Plain cement group (n = 147), n (%)
	ALBC group (n = 94), n (%)
	Both groups, (n = 241), n (%)

	Sex
	
	
	

	·   Male
	42 (28.6)
	29 (30.9)
	71 (29.5)

	·   Female
	105 (71.4)
	65 (69.1)
	170 (70.5)

	Age
	
	
	

	·   < 80
	27 (18.4)
	25 (26.6)
	52 (21.6)

	·   > 80
	120 (81.6)
	69 (73.4)
	189 (78.4)

	· Garden classification
	
	
	

	·   I
	4 (2.7)
	10 (10.6)
	14 (5.8)

	·   II
	19 (12.9)
	8 (8.5)
	27 (11.2)

	·   III
	47 (32.0)
	35 (37.2)
	82 (34.0)

	·   IV
	77 (52.4)
	41 (43.6)
	118 (49.0)

	· Type of trauma
	
	
	

	·   High energy
	1 (0.7)
	0 (0)
	1 (0.4)

	·   Low energy
	146 (99.3)
	94 (100)
	240 (99.6)

	· Arrival at hospital
	
	
	

	·   Walking
	2 (1.4)
	5 (5.3)
	7 (2.9)

	·   Transferral by relatives
	1 (0.7)
	1 (1.1)
	2 (0.8)

	·   Ambulance
	95 (64.6)
	75 (79.8)
	170 (70.5)

	·   Transferral from other centres
	49 (33.3)
	13 (13.8)
	62 (25.7)

	· Risk factors for infections
	
	
	

	·   Yes
	38 (25.9)
	37 (39.4)
	75 (31.1)

	·   No
	109 (74.1)
	57 (60.6)
	166 (68.9)


Presentation of femur neck fracture patient characteristics in each group with focus on sex, age, Garden classification of hip fractures, type of trauma, mode of arrival at hospital and risk factors for infection (focus on: presence of inflammatory arthropathies, degree of immunosuppression, presence of diabetes mellitus, previous articular infection, malnutrition, hemophilia and presence of tumors). ALBC: Antibiotic-loaded bone cement.
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