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Abstract

:

Background: Femoral neck fractures (FNFs) are frequent orthopedic injuries in elderly patients. Despite improvements in clinical monitoring and advances in surgical procedures, 1-year mortality remains between 15% and 30%. The aim of this study is to identify variables that lead to better outcomes in patients treated with total hip arthroplasty (THA) for FNFs. Methods: All patients who underwent cementless THA for FNF from January 2018 to December 2022 were identified. Patients aged more than 80 years old and with other post-traumatic lesions were excluded. Patient data and demographic characteristics were collected. The following data were also registered: time trauma/surgery, surgical approach, operative time, intraoperative complications, surgeon arthroplasty-trained or not, and anesthesia type. In order to search for any predictive factors of better short- and long-term outcomes, we performed different logistic regression analyses. Results: A total of 92 patients were included. From multivariable logistic regression models, we derived that a direct anterior surgical approach and an American Society of Anesthesiologists (ASA) classification < 3 can predict improved short-term outcomes. Moreover, THAs performed by surgeons with specific training in arthroplasty have a lower probability of revision at 1 year. Mortality at 1 year was ultimately influenced by the ASA classification. Conclusions: A direct anterior approach and specific arthroplasty training of the surgeon appear to be able to improve the short- and long-term follow-up of THA after FNF.
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1. Introduction


Femoral neck fractures (FNFs) are very common injuries in the elderly population. Recent studies have reported that the prevalence of FNFs is expected to show a strong increase worldwide by 2035 to 2050 [1,2,3,4,5,6].



Hip fractures have an important impact on the US healthcare system, with an annual incidence of 1000 per 100,000 beneficiaries [7,8]. It is estimated that the incidence of FNFs will increase from 1.66 million in 1990 to 6.26 million by 2050 [9]. In terms of type of treatment, the anatomic site of fracture plays an important role in determining the procedure needed. Intracapsular injuries consist of subcapital and transcervical groups, with arthroplasty being the common surgical treatment. In contrast, extracapsular fractures occur distal to the joint capsule insertion and can be distinguished into basicervical, intertrochanteric, and pertrochanteric groups, with osteosynthesis being the best recognized treatment [9].



Despite improvements in clinical monitoring and advances in surgical treatment, the 1-year mortality rates in patients who reported an FNF remain considerable, being 15% to 30% [7,10].



Currently, the common treatment of FNFs is internal fixation in 60% of cases, hemiarthroplasty in 30% of cases, and total hip arthroplasty (THA) in the remaining percentage of cases [11,12].



However, we have to consider that the use of THA as the primary treatment of FNFs continues to increase annually [13].



These changes in the application of the different surgical options depend on the results reported in several randomized trials and have been confirmed by meta-analyses that compared THA to hemiarthroplasty and internal fixation for displaced FNFs, showing that THA is associated with better outcomes and a lower incidence of re-operations [14,15].



Many factors can play a significant role in determining the outcome after THA for FNF. Recently, many studies have investigated the consequence of a surgical approach (direct anterior [DA], posterolateral [PL], and lateral direct [LD]) for total hip arthroplasty on short- and long-term follow-ups. Reported benefits of the DA approach are as follows: minor dislocation risk [16,17,18], lesser pain, and higher functional recovery in the early postoperative days (first 2 weeks after surgery) compared to the PL approach [19,20] and higher self-reported scores for functional recovery at 2 weeks after surgery compared to the LD approach [21]. However, these postoperative advantages often were absent at 3-month and 1-year follow-up evaluations [20,22].



Functional status in the first postoperative days after THA may play a role of higher importance in FNF patients considering their generally increased age and reduced level of activity compared to their elective counterparts [23].



Furthermore, growing evidence has suggested that early postoperative deambulation in the group of patients who suffered an FNF could influence mortality at follow-up [24,25,26,27,28].



The aim of this study is to identify the factors that lead to better outcomes in the early period and at 1-year follow-up in patients who underwent a THA operation after FNF.




2. Materials and Methods


2.1. Study Design and Patients


All patients who underwent cementless total hip arthroplasty for FNF from 1 January 2018 to 31 December 2022 were preliminarily identified. Patients who underwent THA for pathologic fracture, osteonecrosis, or lateral femoral fractures (trochanteric fractures) were excluded. Additionally, we considered exclusion criteria cases of bilateral FNF and the presence of ipsilateral acetabular injuries. Finally, patients aged more than 80 years old and subjects with a reported non-independent deambulatory capability at baseline were excluded.



The study was regularly approved by the North Aemilia Ethical Committee with number 631/2023 on 12 December 2023.



All procedures were performed after collecting written informed consent from each patient and in accordance with the ethical standards of the institutional and national committees of research and the 1964 Declaration of Helsinki and its subsequent amendments.



Patient data and demographic characteristics were collected, including age, gender, BMI, Garden classification of fracture, and ASA classification. Furthermore, we registered the following operative data: time between trauma and surgery (days), surgical approach (DA or LD), operative time, reported intraoperative complications (periprosthetic femoral fracture or surgical acetabular protrusion), and anesthesia type (spinal or general).



We verified, as previously reported, if the surgical procedure was performed by an arthroplasty-trained surgeon (AR-trained) or by a non-arthroplasty-trained surgeon (non-AR-trained).




2.2. Surgical Technique


In all patients, the THA was completed through an LD approach or a DA approach under spinal or general anesthesia. Both surgical approaches were performed in the supine position.



For DA, a regular operating room table was used, and the patient was positioned with the hip over the table break junction, thus allowing table reflexion and hyperextension of the hip joint. The contralateral leg was typically inserted in the sterilization procedure before incision in order to make possible a correct check of limb length during surgery and a correct figure-four adduction during the femoral exposure. In obese patients, we conducted a pannus retraction with adhesive tape to avoid any possible related difficulties during stem broaching and positioning. An oblique incision was made originating 2–4 cm distal and lateral to the ASIS. Dissection was taken deep to expose the overlying thin fascia of the tensor fascia lata, which was then incised with the same axis as the cutaneous incision. Blunt finger dissection was utilized afterward, and the interval was developed between the sartorius and the TFL. Two wound protectors were positioned at this point in order to reach the minimization of soft tissue, muscle, and skin damage caused by retraction. The ascending branch of the lateral circumflex femoral artery and vein was identified and tied before cauterization, and the anterior hip capsule was exposed. The femoral neck osteotomy was then completed either with a single cut or sometimes with a napkin-ring-type parallel two-cut technique to facilitate the removal of the femoral head. Femoral exposure on our regular operating room table started with external rotation of the femur typically over 90°. A proximal femoral hook was useful in this phase to elevate the proximal femur and facilitate better exposure. The leg was extended by lowering the leg to the floor followed by adduction of the extremity. The femoral exposure was accomplished by reflexing the table to extend the extremity and placing the leg figure-four under the opposite leg with flexion of the knee of the operated leg lower to 45°. A retractor was then placed on the femur medial to the neck cut and a double-pronged retractor was placed under the greater trochanter. Soft tissue releases were performed identifying the piriformis fossa and proceeding along the greater trochanter while elevating the proximal femur with the hook device. The visualization of the osteotomy plane enabled the broaching and placement of a femoral trial component to commence. Closure of the wound was initiated with repair of the TFL fascia with either a running or interrupted suture. In all cases, a drain was correctly positioned.



For the direct lateral approach, we proceeded with releases of the anterior third of the gluteus medius and minimus while preserving the posterior femoral attachment of the major part of these muscles. The proximal part of the incision was limited by the superior gluteal nerve and vessels, crossing 3–5 cm proximal to the tip of the greater trochanter. Distally, the anterior fibers of the vastus lateralis were elevated from the anterior femur. Next, the anterior attachment of the hip capsule was released from the anterior base of the femoral neck, and an anterior longitudinal capsulotomy was opened as necessary with a proximal transverse T-shaped incision. Femoral exposure was completed with careful release of the postero-lateral capsule and positioning of the leg in figure-four under the opposite leg with a flexion of the knee over 90°. Closure of the wound started from the muscular fibers of the gluteus medius and minimus and then with fascia repair with an interrupted suture. In all cases, a drain was correctly positioned.



During all surgeries, intraoperative fluoroscopic imaging was used in order to exclude possible complications. The DA approaches were performed by two different surgeons, whereas the LD approaches were performed by five different surgeons. The arthroplasty-trained surgeons were the two surgeons able to implant THA with both the LD and DA approaches.



Perioperative and postoperative institutional protocols were adhered to with minor variations depending on surgeon preference. All patients received preoperative antibiotics before incision.



If no surgical contraindications were present, then, in all patients, walking in the first 2 postoperative days was attempted with dedicated physiotherapy personnel. All included patients have a minimum of 1-year follow-up.




2.3. Radiographic Evaluation


Postoperative X-rays were checked by two orthopedic surgeons in order to verify correct component positioning: acetabular shell inclination and anteversion, as well as femoral subsidence and varus, were measured as previously reported in the literature [29,30].



Rotation of the proximal femur was verified by measuring the width of the lesser trochanter. Further fine adjustments were made using the ratio of the projection of the distal tip of the stem that was verified by known stem size. The inclination of the acetabular component referenced the interteardrop line and anteversion, following the previously reported method published by Haddad et al. [31]. The valgus/varus alignment of the stem was recorded using the method described by Khalily and Lester [32]. Subsidence was evaluated from the immediate postoperative radiographs and those at final follow-up as a vertical movement of the femoral component, as validated in previous study.



The postoperative radiographs from the first ten patients were separately analyzed and evaluated by two independent observers to assess interobserver reliability through the single measures and with a two-way mixed effect intra-class correlation coefficient. The registered inter-observer reliability coefficient was in the correct range of tolerance for each radiographic assessment.




2.4. Outcome Measurement


In order to search for any predictive factors of outcome in the early period and at 1-year follow-up, we performed different multivariable logistic regression analyses.



Early outcome was evaluated using two different parameters: early deambulation (ED) and capability to reach autonomy in deambulation (AD) without crutches in the first month after surgical procedure.



ED was attempted in all included cases where the patients in the first 2 postoperative days were able to complete a supported deambulation of at least 20 meters. The results of this attempt were independently registered by four physiotherapists blinded to the design and scope of the study.



The level of autonomy in deambulation (AD) was evaluated by an orthopedic surgeon during one-month follow-up visit registering whether it was possible for deambulation without crutches and with a correct muscular response to weightbearing. The results in terms of AD were independently registered by surgeons blinded to the design and the scope of the study.



Outcome at 1-year follow-up was evaluated using two different parameters: 1-year mortality and 1-year revision for any cause.




2.5. Statistical Analysis


All variables were checked in order to verify distribution, mean, median, interquartile range, and standard deviation.



A preliminary Kolmogorov–Smirnov test was performed for all variables in order to verify the normality distribution of the variable.



The variance inflation factor was used in order to verify the absence of multicollinearity inside each multivariate analysis.



The insertion of any variable in the multivariate analysis was followed by calculation of the derived adjusted R-squared to proceed to a correct adjustment of the models.



A multivariable logistic regression analysis was performed for the two short-term outcome parameters including the data reported above. These two multivariate analyses were performed in order to identify predictive factors for failure in achieving early deambulation and an inability to reach deambulation without crutches at one-month follow-up.



A multivariable logistic regression analysis was then performed searching predictive factors for 1-year mortality and 1-year revision for any cause including the data reported above and including measurements of short-term outcomes.



The significance level was set at p < 0.05.



Data elaboration and statistical analysis were performed using SPSS® statistics software 20.0 (IBM®, Armonk, New York, NY, USA).





3. Results


A total of 108 patients were preliminarily included in the study. After the final collection of data at follow-up, a total of 16 patients were excluded for unavailable complete information (Figure 1).



Thus, 92 patients constituted the pool of analysis of our study.



Demographic data are reported in Table 1.



An ED was registered as successful in 31 cases, and in 25 cases a successful AD at one month without crutches was possible with adequate muscular response to weightbearing.



The multivariable analysis for short-term outcomes is reported in Table 2 and Table 3.



The logistic regression models showed the statistically significant predictive power of the surgical approach to influence ED. Specifically, the DA surgical approach could be considered a parameter able to predict the capability of reaching ED from our data (Figure 2). The second analysis performed for AD at one month showed the statistically significant predictive power of the surgical approach and ASA classification. Thus, the DA surgical approach and ASA classification < 3 were able to have a favorable influence on AD at one month.



The multivariable analysis for outcome at 1-year follow-up is reported in Table 4 and Table 5.



The analysis for 1-year mortality identified statistical significance in the ASA classification. In particular, we documented a higher mortality risk at 1 year for ASA classification > 3. Furthermore, we considered, of particular interest, the strong near-significance value of ED in relation to 1-year mortality; in fact, even if it were not really significant, the value of ED in this model could witness the existence of the relationship between early mobilization and better survival in our data, as already reported in the literature (Figure 3).



Revision surgery was performed in four cases: three cases for atraumatic dislocation, and one case for early periprosthetic joint infection.



The analysis for 1-year revision risk showed statistical significance for the training of the surgeons. This logistic regression analysis documented a higher risk for revision when the surgical procedure was performed by a non-AR-trained surgeon.




4. Discussion


In this study, we present a case series of patients treated with THA after femoral neck fracture. After statistical processing of the data, we performed multivariate analyses in order to identify predictive factors of better outcomes in the first month and at 1-year follow-up.



From our data, it emerged that patients treated with THA through the DA surgical approach have a higher probability of reaching deambulation in the first days after surgery and to walk without crutches at one month. This could be derived from the minor muscular damage of this surgical approach, as is widely recognized in the literature.



Furthermore, we performed a multivariate analysis for revision risk at one year, which documented a higher risk of re-operation for patients operated on by a surgeon without specific arthroplasty training.



In our opinion, it is also of particular interest that the near-significance value resulted in ED predicting 1-year mortality. We suggest further studies to investigate this issue in this specific population of fractured patients.



Fractures of the femoral neck have important economic implications due to their direct and indirect medical costs. Total hip arthroplasty is a surgical procedure with a documented increase in number and extension year-by-year for clinical and epidemiological reasons. A recent study of the National Database documented, in the last 22 years (from 2001 to 2022), a growth rate of hip replacement surgery of +8.19% [33]. In the same study, the increase in THAs remains significant, especially when considering the progressive aging of the population in the last 22 years [33]. A previous study published by Pabinger and Geissler [34] similarly reported that hip arthroplasty is increasing exponentially in the OECD (Organization for Economic Cooperation and Development) with different rates across the countries: USA, +12.87%; Australia, +7.77%; United Kingdom, +6.95%; Germany, +6.07%; and Spain, +6.73%.



There is growing evidence that total hip arthroplasty may result in improved outcomes over hemiarthroplasty and internal fixation [13,14]. Furthermore, recent studies have also reported that THA could be more cost-effective in these patients when compared to other surgical treatments [13,14].



Recently, some authors have demonstrated that hospitals in which there is management of a high proportion of hip fracture patients may be unfairly penalized with the current models of payment [35,36,37]. In fact, it is recognized that there are pronounced differences between patients who underwent THA for osteoarthritis and those for hip fractures. Patients with an FNF tend to be older and with more significant clinical associated problems, frequently experience an increased length of hospitalization, more often need to be discharged to a rehabilitation facility, and show a higher readmission rate after surgery [35,36,37].



In our study, we performed an analysis that demonstrated a better short-term outcome in patients who underwent THA with the DA surgical approach and a better long-term outcome in terms of 1-year revision in patients operated on by an AR-trained surgeon. Furthermore, we consider the influence of ED on 1-year mortality, which could be desumed from the logistic regression analysis, to be of particular interest. In our opinion, this relationship needs to be clarified in a larger cohort of patients.



While the surgical approach for THA in elective cases is still a topic of debate with recognized difficulties in comparing the large number of reported papers [38,39], few studies to date have compared different surgical approaches in performing THA after FNF [40,41]. The results of a recent study by Cichos et al. showed that THA performed with the DA approach is associated with a lower risk of dislocation and mechanical revision at both 3-month and 1-year follow-ups when compared to the PL approach. Similarly, those authors reported that the DA approach was associated with an improvement in mortality rates compared to the PL approach at both 3-month and 1-year registered follow-ups [41].



Furthermore, the same study reported that utilization of the DA approach determined a higher overall survival at follow-up when compared to other surgical approaches [41].



In the first systematic review and meta-analysis investigating surgical approaches for arthroplasty after FNF [42], nine eligible studies were included with publication dates between 2012 and 2016. Data from this meta-analysis showed that the DA approach provided better early functional mobility in four studies according to other data reported in the literature.



Bucs et al., in a study that evaluated the efficacy of the DA approach in HHA for FNFs compared to the DL approach, demonstrated that patients operated on with the DA approach reported less postoperative pain, resulting in patients more frequently being able to complete earlier mobilization [43].



Nogler et al. confirmed these data and showed in a different study that patients operated on with the DA approach had less postoperative pain, minor blood loss, and an inferior length of hospital stay when compared to those treated with the PL or DL approaches [44].



Multiple prior studies on elective total hip arthroplasty showed an improvement in early functional scores, deambulation, and mobilization in DA-approach patients for the first few weeks after surgery [18,19]. While the consequences of these early improved capabilities in mobilization and deambulation for long-term outcomes in elective patients have still not yet been completely clarified, the FNF population is generally in a worse position compared to their elective counterparts [22,36], given the potential major benefits of these early small differences. A previous study reported that the level of deambulation at 2 weeks after surgery could be considered as a significant predictor of survivorship at 1 year in the FNF population [23]. Therefore, in our opinion, we have to give particular importance to reaching early deambulation after THA for FNFs, and surgery through the DA approach has a demonstrated positive influence in achieving this result.



Several studies have recently investigated the role of surgeon training in the treatment of FNF. Padilla et al. recently reported an interesting study in which the direct medical costs of THA performed for FNFs between orthopedic surgeons trained in different subspecialties were compared [45]. These authors demonstrated that in the FNF population, surgeons with specific training in arthroplasty achieve lower total costs for the THA episode of care, whereas surgeons without specific training in arthroplasty often exceed the bundled payment target. Similar results were also reported by Thomas et al. [46].



Prior studies have mainly sought to elucidate the relationship between the volume and outcome of the surgical procedures, and have demonstrated that an increase in the number of patients operated on leads to an improved outcome [47,48,49,50]. Maceroli et al. [50] analyzed the New York State System database to determine if patient outcomes following THA performed for FNF differed between hospitals with a significant volume of completed procedures. Those authors reported that patients treated with total hip arthroplasty at the highest volume hospitals had significantly lower 30-day and 1-year mortality rates and a minor complication rate at 3-month follow-up.



Browne et al. [49], in their analysis of a nationwide database, identified 97,894 patients affected by FNF surgically treated in different hospitals with different surgeon volumes. They found that in-hospital mortality and complication rates were significantly higher in subjects treated by lower-volume surgeons than higher-volume surgeons, and that complication rates were higher in hospitals with a lower volume of performed procedures. We have to consider that their study cohort included patients who underwent internal fixation, hemiarthroplasty, and total hip arthroplasty, potentially limiting the generalizability of the results to a THA-only population.



Few studies have investigated the relationship between surgeon specialization training and outcomes [51,52]. Previous articles have encompassed a limited number of surgical specialties, and few have been published investigating this item in Orthopedics and Traumatology. Hagen et al. [53] identified patients who underwent primary or revision hip and knee arthroplasty in the United States to study the relationship between hospital specialization and outcomes. They found an inversely proportional relationship between a hospital’s degree of orthopedic specialization and the rates of adverse outcomes.



In fact, with an increase in orthopedic specialization, Hagen et al. [53] reported a progressive decrease in mortality, deep vein thrombosis, postoperative hemorrhage, and infection.



The results of our analysis on THA performed after FNF appear to be in accordance with the previous literature, underlining the importance of a surgical approach in determining a better outcome in the short term, leading to a better long-term outcome. Furthermore, our data confirm, as reported by other authors, that surgery for THA after FNF has significant advantages when performed by arthroplasty-trained surgeons.



This study should be interpreted considering its limitations. First of all, it has a retrospective design with the potential for transfer bias and the absence of randomization for surgical approaches. Additionally, the short- and long-term results at follow-up were collected by four different physiotherapists and by two different orthopedic surgeons. We followed previously published methods to verify correct femoral and acetabular positioning; however, all evaluations were performed by X-ray and not by CT imaging, with possible bias of underestimation. All people were blinded to the design of the study; however, possible bias could derive from excessive heterogeneity in participants in the data collection. Finally, this analysis was conducted on a limited number of patients at a single center and, thus, must be considered as only a preliminary indication to guide future multicenter prospective trials in order to reach definitive conclusions.




5. Conclusions


In our analysis, a direct anterior surgical approach and an ASA classification < 3 can predict improved results in the first month after THA for FNF. Furthermore, our results suggest that THAs performed by AR-trained surgeons have a lower probability of revision at 1 year. Mortality at 1 year was influenced by the ASA classification.



However, due to the results of our logistic regression models, we consider that the influence of early deambulation on 1-year mortality after THA for FNF is deserving of more clinical study.







Author Contributions


Conceptualization, P.S. and E.V.; Methodology, P.S. and F.P.; Investigation, F.P. and M.B.; Data curation, F.P., M.B. and E.V.; Writing—review & editing, P.S. and F.C.; Supervision, F.C. and E.V. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Ethics Committee “North Emilia Ethical Commitee” protocol code 631/2023 date 12 December 2023.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are contained within the article.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Brown, C.A.; Starr, A.Z.; Nunley, J.A. Analysis of past secular trends of hip fractures and predicted number in the future 2010–2050. J. Orthop. Trauma. 2012, 26, 117–122. [Google Scholar] [CrossRef]

	



Swayambunathan, J.; Dasgupta, A.; Rosenberg, P.S.; Hannan, M.T.; Kiel, D.P.; Bhattacharyya, T. Incidence of hip fracture over 4 decades in the Framingham Heart study. JAMA Intern. Med. 2020, 180, 1225–1231. [Google Scholar] [CrossRef]

	



Lewiecki, E.M.; Wright, N.C.; Curtis, J.R.; Siris, E.; Gagel, R.F.; Saag, K.G.; Singer, A.J.; Steven, P.M.; Adler, R.A. Hip fracture trends in the United States, 2002 to 2015. Osteoporos. Int. 2018, 29, 717–722. [Google Scholar] [CrossRef]

	



Chen, I.J.; Chiang, C.Y.; Li, Y.H.; Chang, C.H.; Hu, C.C.; Chen, D.W.; Chang, Y.; Yang, W.-E.; Shih, H.-N.; Ueng, S.W.-N.; et al. Nationwide cohort study of hip fractures: Time trends in the incidence rates and projections up to 2035. Osteoporos. Int. 2015, 26, 681–688. [Google Scholar] [CrossRef]

	



Konnopka, A.; Jerusel, N.; Konig, H.H. The health and economic consequences of osteopenia- and osteoporosis-attributable hip fractures in Germany: Estimation for 2002 and projection until 2050. Osteoporos. Int. 2009, 20, 1117–1129. [Google Scholar] [CrossRef]

	



Rosengren, B.E.; Karlsson, M.K. The annual number of hip fractures in Sweden will double from year 2002 to 2050, projections based on local and nationwide data. Acta Orthop. 2014, 85, 234–237. [Google Scholar] [CrossRef]

	



Brauer, C.A.; Coca-Perraillon, M.; Cutler, D.M.; Rosen, A.B. Incidence and mortality of hip fractures in the United States. JAMA 2009, 302, 1573–1579. [Google Scholar] [CrossRef] [PubMed]

	



Schairer, W.W.; Lane, J.M.; Halsey, D.A.; Iorio, R.; Padgett, D.E.; McLawhorn, A.S. The Frank Stinchfield Award: Total hip arthroplasty for femoral neck fracture is not a typical DRG 470, a propensity-matched cohort study. Clin. Orthop. Relat. Res. 2017, 475, 353–360. [Google Scholar] [CrossRef] [PubMed]

	



Moldovan, F.; Ivanescu, A.D.; Fodor, P.; Moldovan, L.; Bataga, T. Correlation between Inflammatory Systemic Biomarkers and Surgical Trauma in Elderly Patients with Hip Fractures. J. Clin. Med. 2023, 12, 5147. [Google Scholar] [CrossRef] [PubMed]

	



Mundi, S.; Pindiprolu, B.; Simunovic, N.; Bhandari, M. Similar mortality rates in hip fracture patients over the past 31 years. Acta Orthop. 2014, 85, 54–59. [Google Scholar] [CrossRef] [PubMed]

	



Miller, B.J.; Callaghan, J.J.; Cram, P.; Karam, M.; Marsh, J.L.; Noiseux, N.O. Changing trends in the treatment of femoral neck fractures: A review of the American Board of Orthopaedic Surgery Database. J. Bone Jt. Surg. Am. 2014, 96, e149. [Google Scholar] [CrossRef]

	



Schiavi, P.; Pogliacomi, F.; Colombo, M.; Amarossi, A.; Ceccarelli, F.; Vaienti, E. Acetabular erosion following bipolar hemiarthroplasty: A Role for the size of femoral head? Injury 2019, 50 (Suppl. S4), S21–S25. [Google Scholar] [CrossRef]

	



Stronach, B.M.; Bergin, P.F.; Perez, J.L.; Watson, S.; Jones, L.C.; McGwin, G.; Ponce, B.A. The rising use of total hip arthroplasty for femoral neck fractures in the United States. Hip Int. 2020, 30, 107–113. [Google Scholar] [CrossRef] [PubMed]

	



Goh, S.-K.; Samuel, M.; Su, D.H.C.; Chan, E.S.-Y.; Yeo, S.-J. Meta-analysis comparing total hip arthroplasty with hemiarthroplasty in the treatment of displaced neck of femur fracture. J. Arthroplast. 2009, 24, 400–406. [Google Scholar] [CrossRef]

	



Yu, L.; Wang, Y.; Chen, J. Total hip arthroplasty versus hemiarthroplasty for displaced femoral neck fractures: Meta-analysis of randomized trials. Clin. Orthop. Relat. Res. 2012, 470, 2235–2243. [Google Scholar] [CrossRef] [PubMed]

	



Awad, M.E.; Farley, B.J.; Mostafa, G.; Saleh, K.J. Direct anterior approach has short term functional benefit and higher resource requirements compared with the posterior approach in primary total hip arthroplasty: A meta-analysis of functional outcomes and cost. Bone Jt. J. 2021, 103-B, 1078–1087. [Google Scholar] [CrossRef] [PubMed]

	



Bergin, P.F.; Doppelt, J.D.; Kephart, C.J.; Benke, M.T.; Graeter, J.H.; Holmes, A.S.; Haleem-Smith, H.; Tuan, R.S.; Unger, A.S. Comparison of minimally invasive direct anterior versus posterior total hip arthroplasty based on inflammation and muscle damage markers. J. Bone Jt. Surg. Am. 2011, 93, 1392–1398. [Google Scholar] [CrossRef]

	



Miller, L.E.; Gondusky, J.S.; Kamath, A.F.; Boettner, F.; Wright, J.; Bhattacharyya, S. Influence of surgical approach on complication risk in primary total hip arthroplasty. Acta Orthop. 2018, 89, 289–294. [Google Scholar] [CrossRef]

	



Taunton, M.J.; Mason, J.B.; Odum, S.M.; Springer, B.D. Direct anterior total hip arthroplasty yields more rapid voluntary cessation of all walking aids: A prospective, randomized clinical trial. J. Arthroplast. 2014, 29 (Suppl. S9), 169–172. [Google Scholar] [CrossRef]

	



Taunton, M.J.; Trousdale, R.T.; Sierra, R.J.; Kaufman, K.; Pagnano, M.W. John Charnley Award: Randomized clinical trial of direct anterior and miniposterior approach THA: Which provides better functional recovery? Clin. Orthop. Relat. Res. 2018, 476, 216–229. [Google Scholar] [CrossRef]

	



Peters, R.M.; van Beers, L.; van Steenbergen, L.N.; Wolkenfelt, J.; Ettema, H.B.; Ten Have, B.; Rijk, P.C.; Stevens, M.; Bulstra, S.K.; Poolman, R.W.; et al. Similar superior patient-reported outcome measures for anterior and posterolateral approaches after total hip arthroplasty: Postoperative patient- reported outcome measure improvement after 3 months in 12,774 primary total hip arthroplasties using the anterior, anterolateral, straight lateral, or posterolateral approach. J. Arthroplast. 2018, 33, 1786–1793. [Google Scholar]

	



Sibia, U.S.; Turner, T.R.; MacDonald, J.H.; King, P.J. The impact of surgical technique on patient reported outcome measures and early complications after total hip arthroplasty. J. Arthroplast. 2017, 32, 1171–1175. [Google Scholar] [CrossRef]

	



Le Manach, Y.; Collins, G.; Bhandari, M.; Bessissow, A.; Boddaert, J.; Khiami, F.; Chaudhry, H.; De Beer, J.; Riou, B.; Landais, P.; et al. Outcomes after hip fracture surgery compared with elective total hip replacement. JAMA 2015, 314, 1159–1166. [Google Scholar] [CrossRef]

	



Heinonen, M.; Karppi, P.; Huusko, T.; Kautiainen, H.; Sulkava, R. Post-operative degree of mobilization at two weeks predicts one-year mortality after hip fracture. Aging Clin. Exp. Res. 2004, 16, 476–480. [Google Scholar] [CrossRef] [PubMed]

	



Imura, K.; Ishii, Y.; Yagisawa, K.; Matsueda, M. Postoperative ambulatory level after hip fracture in the elderly predicts survival rate. Arch. Orthop. Trauma. Surg. 2000, 120, 369–371. [Google Scholar] [CrossRef] [PubMed]

	



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

	



Cichos, K.H.; Mabry, S.E.; Spitler, C.A.; McGwin, J.r.G.; Quade, J.H.; Ghanem, E.S. Comparison between the direct anterior and posterior approaches for total hip arthroplasty performed for femoral neck fracture. J. Orthop. Trauma. 2021, 35, 41–48. [Google Scholar] [CrossRef] [PubMed]

	



Heiden, J.J.; Goodin, S.R.; Mormino, M.A.; Siebler, J.C.; Putnam, S.M.; Lyden, E.R.; Tao, M.A. Early ambulation after hip fracture surgery is associated with decreased 30-day mortality. J. Am. Acad. Orthop. Surg. 2021, 29, e238–e242. [Google Scholar] [CrossRef] [PubMed]

	



Pogliacomi, F.; Schiavi, P.; Grappiolo, G.; Ceccarelli, F.; Vaienti, E. Outcome of short versus conventional stem for total hip arthroplasty in the femur with a high cortical index: A five year follow-up prospective multicentre comparative study. Int. Orthop. 2020, 44, 61–68. [Google Scholar] [CrossRef]

	



Loppini, M.; Schiavi, P.; Rocca, A.D.; Traverso, F.; Rocca, F.D.; Mazziotta, G.; Astore, F.; Grappiolo, G. Double-trabecular metal cup technique for the management of Paprosky type III defects without pelvic discontinuity. Hip Int. 2018, 28 (Suppl. S2), 66–72. [Google Scholar] [CrossRef]

	



Hossain, F.; Konan, S.; Volpin, A.; Haddad, F.S. Early performance-based and patient-reported outcomes of a contemporary taper fit bone-conserving short stem femoral component in total hip arthroplasty. Bone Jt. J. 2017, 99-B, 49–55. [Google Scholar] [CrossRef]

	



Khalily, C.; Lester, D.K. Results of a tapered cementless femoral stem implanted in varus. J. Arthroplast. 2002, 17, 463–466. [Google Scholar] [CrossRef] [PubMed]

	



Moldovan, F.; Moldovan, L.; Bataga, T. A Comprehensive Research on the Prevalence and Evolution Trend of Orthopedic Surgeries in Romania. Healthcare 2023, 11, 1866. [Google Scholar] [CrossRef] [PubMed]

	



Pabinger, C.; Geissler, A. Utilization rates of hip arthroplasty in OECD countries. Osteoarthr. Cartil. 2014, 22, 734–741. [Google Scholar] [CrossRef]

	



Yoon, R.S.; Iorio, R.; Bosco, J.A.; Hutzler, L.H.; Mahure, S.A. Hip arthroplasty for fracture vs elective care. J. Arthroplast. 2017, 32, 2353–2358. [Google Scholar] [CrossRef] [PubMed]

	



Grace, T.R.; Patterson, J.T.; Tangtiphaiboontana, J.; Krogue, J.D.; Vail, T.P.; Ward, D.T. Hip fractures and the bundle: A cost analysis of patients undergoing hip arthroplasty for femoral neck fracture vs degenerative joint disease. J. Arthroplast. 2018, 33, 1681–1685. [Google Scholar] [CrossRef]

	



Kester, B.S.; Williams, J.; Bosco, J.A.; Slover, J.D.; Iorio, R.; Schwarzkopf, R. The association between hospital length of stay and 90-day readmission risk for femoral neck fracture patients: Within a total joint arthroplasty bundled payment initiative. J. Arthroplast. 2016, 31, 2741–2745. [Google Scholar] [CrossRef] [PubMed]

	



Miller, L.E.; Gondusky, J.S.; Bhattacharyya, S.; Kamath, A.F.; Boettner, F.; Wright, J. Does surgical approach affect outcomes in total hip arthroplasty through 90 days of follow-up? A systematic review with meta-analysis. J. Arthroplast. 2018, 33, 1296–1302. [Google Scholar] [CrossRef] [PubMed]

	



Malek, I.A.; Royce, G.; Bhatti, S.U.; Whittaker, J.P.; Phillips, S.P.; Wilson, I.R.; Wootton, J.R.; Starks, I. A comparison between the direct anterior and posterior approaches for total hip arthroplasty: The role of an ‘enhanced recovery’ pathway. Bone Jt. J. 2016, 98-B, 754–760. [Google Scholar] [CrossRef]

	



Haller, J.M.; Working, Z.M.; Ross, H.L.; Gililland, J.M.; Kubiak, E.N. Fewer hip dislocations with anterior total hip arthroplasty for displaced femoral neck fracture. Orthopedics 2021, 44, E248–E252. [Google Scholar] [CrossRef]

	



Cichos, K.H.; McGwin, G., Jr.; Boyd, B.; Arthroplasty for Hip Fracture Consortium; Ghanem, E.S. Direct Anterior Approach Total Hip Arthroplasty Is Associated with Reduced 1-Year Mortality and Surgical Complications After Femoral Neck Fracture. J. Arthroplast. 2023, 38, 2347–2354.e2. [Google Scholar] [CrossRef]

	



Kunkel, S.T.; Sabatino, M.J.; Kang, R.; Jevsevar, D.S.; Moschetti, W.E. A systematic review and meta-analysis of the direct anterior approach for hemiarthroplasty for femoral neck fracture. Eur. J. Orthop. Surg. Traumatol. 2018, 28, 217e2. [Google Scholar] [CrossRef] [PubMed]

	



Bucs, G.; Dande, A.; Patczai, B.; Sebestyen, A.; Almasi, R.; Not, L.G.; Wiegand, N. Bipolar hemiarthroplasty for the treatment of femoral neck fractures with minimally invasive anterior approach in elderly. Injury 2021, 52 (Suppl. S1), S37–S43. [Google Scholar] [CrossRef] [PubMed]

	



Nogler, M.; Randelli, F.; Macheras, G.A.; Thaler, M. Hemiarthroplasty of the hip using the direct anterior approach. Operat Orthop. Traumatol. 2021, 33, 304–307. [Google Scholar] [CrossRef] [PubMed]

	



Padilla, J.A.; Gabor, J.A.; Ryan, S.P.; Long, W.J.; Seyler, T.M. Schwarzkopf RM Total Hip Arthroplasty for Femoral Neck Fracture: The Economic Implications of Orthopedic Subspecialty Training. J. Arthroplast. 2020, 35, S101–S106. [Google Scholar] [CrossRef] [PubMed]

	



Thomas, J.C.; Haidukewych , G.J. Total Hip Arthroplasty for Acute Femoral Neck Fractures: Who Should Perform the Operation-Adult Reconstructive or Trauma Surgeons? J. Orthop. Trauma. 2021, 35, 606–611. [Google Scholar] [CrossRef] [PubMed]

	



Katz, J.N.; Barrett, J.; Mahomed, N.N.; Baron, J.A.; Wright, R.J.; Losina, E. Association between hospital and surgeon procedure volume and the outcomes of total knee replacement. J. Bone Jt. Surg. Ser. A 2004, 86, 1909–1916. [Google Scholar] [CrossRef] [PubMed]

	



Katz, J.N.; Losina, E.; Barrett, J.; Phillips, C.; Mahomed, N.N.; Lew, R.A.; Guadagnoli, E.; Harris, W.H.; Poss, R.; Baron, J.A. Association between hospital and surgeon procedure volume with outcome of total hip replacement. J. Bone Jt. Surg. 2001, 83, 1622–1629. [Google Scholar] [CrossRef]

	



Shervin, N.; Rubash, H.E.; Katz, J.N. Orthopaedic procedure volume and patient outcomes. Clin. Orthop. Relat. Res. 2007, 457, 35–41. [Google Scholar] [CrossRef]

	



Maceroli, M.; Nikkel, L.E.; Mahmood, B.; Ketz, J.P.; Qiu, X.; Ciminelli, J.; Messing, S.M.; Elfar, J.C. Total hip arthroplasty for femoral neck fractures: Improved outcomes with higher hospital volumes. J. Orthop. Trauma. 2016, 30, 597–604. [Google Scholar] [CrossRef]

	



Sahni, N.R.; Dalton, M.; Cutler, D.M.; Birkmeyer, J.D.; Chandra, A. Surgeon specialization and operative mortality in United States: Retrospective analysis. BMJ 2016, 354, i3571. [Google Scholar] [CrossRef] [PubMed]

	



Hagen, T.P.; Vaughan-Sarrazin, M.S.; Cram, P. Relation between hospital orthopaedic specialisation and outcomes in patients aged 65 and older: Retrospective analysis of US Medicare data. BMJ 2010, 340, c165. [Google Scholar] [CrossRef] [PubMed]

	



Browne, J.A.; Pietrobon, R.; Olson, S.A. Hip fracture outcomes: Does surgeon or hospital volume really matter? J. Trauma. Inj. Infect Crit. Care 2009, 66, 809–814. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 13 01849 g001] 





Figure 1. Flowchart of the studied population. 
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Figure 2. Graphical distribution of the first day of deambulation in Patients treated with direct anterior approach and lateral direct approach. 
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Figure 3. Survival of patients in relation to first day of registered deambulation. 
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Table 1. Patient characteristics and demographic data.
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	N = 92





	Age (mean ± std dev)
	72.6 ± 7.3



	Gender
	



	Male
	38



	Female
	54



	BMI
	25.8 ± 3.1



	ASA
	



	1
	8



	2
	29



	3
	51



	4
	4



	Garden fracture
	



	2
	5



	3
	56



	4
	31



	Time trauma/surgery (hours)
	57.1 ± 13.5



	Operative time (min)
	118 ± 14.9



	Intraoperative complications
	



	Surg acetabular protrusion
	4



	Femoral fracture
	2



	Surgical approach
	



	DA
	40



	LD
	52



	Surgical training
	



	AR
	43



	non-AR
	49



	Anesthesia type
	



	General
	34



	Spinal
	58



	Component positioning
	



	Correct
	75



	Incorrect
	



	Stem
	



	Varus
	3



	Acetabular
	



	Inclination
	7



	Anteversion
	5










 





Table 2. Multivariable logistic regression analysis for failure in early deambulation.
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	OR
	95% Confidence Interval
	p





	Age
	0.781
	0.314–0.827
	0.083



	Female
	1.026
	0.526–1.331
	0.645



	BMI
	0.890
	0.673–0.995
	0.286



	ASA < 3
	0.762
	0.540–0.913
	0.109



	Time trauma/surgery
	1.153
	0.732–1.385
	0.622



	Operative time
	0.807
	0.691–1.469
	0.581



	No intraoperative complications
	0.996
	0.503–1.542
	0.875



	DA surgical approach
	0.291
	0.106–0.374
	0.026



	AR-trained surgeon
	0.467
	0.238–0.782
	0.171



	Spinal anesthesia
	0.957
	0.580–1.463
	0.602



	Correct component positioning
	0.554
	0.296–0.831
	0.185







DA: direct anterior; AR: arthroplasty. Bolded and underlined values identify variable with statistical significance.













 





Table 3. Multivariable logistic regression analysis for inability of deambulation without crutches at one-month follow-up.
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	OR
	95% Confidence Interval
	p





	Age
	0.862
	0.764–1.351
	0.098



	Female
	0.615
	0.391–1.227
	0.189



	BMI
	0.928
	0.732–1.416
	0.352



	ASA < 3
	0.349
	0.206–0.518
	0.034



	Time trauma/surgery
	0.786
	0.365–1.191
	0.432



	Operative time
	0.883
	0.475–1.364
	0.502



	No intraoperative complications
	0.512
	0.256–0.729
	0.091



	DA surgical approach
	0.447
	0.315–0.580
	0.026



	AR-trained surgeon
	0.546
	0.129–0.866
	0.312



	Spinal anesthesia
	0.904
	0.563–1.672
	0.633



	Correct component positioning
	0.735
	0.306–1.147
	0.567







DA: direct anterior; AR: arthroplasty. Bolded and underlined values identify variable with statistical significance.













 





Table 4. Multivariable logistic regression analysis for revision surgery at one-year follow-up.
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