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Abstract

:

Background: Although cementless implants are increasing in popularity, the use of cementless femoral stems for total hip arthroplasty (THA) and hip hemiarthroplasty (HH) in elderly patients remains controversial. The aim of this study was to report the outcomes of a cementless stem used in a large multicentric cohort of elderly patients receiving elective THA and HH for displaced femoral neck fracture. Methods: A total of 293 patients (301 hips) aged 70 years or older (mean age, 78 years; range, 70–93) who received the same cementless plasma-sprayed porous titanium–hydroxyapatite stem were retrospectively evaluated after primary THA and HH to investigate stem survival, complications, and clinical and radiographic results. Results: Cumulative stem survival was 98.5% (95% CI, 96.4–99.4%; 91 hips at risks) with revision due to any reason as the end-point at 10-year follow-up (mean 8.6 years, range 4–12). No stem was revised due to aseptic loosening. The mean Forgotten Joint Score was 98.7. Radiographically, the implants showed complete osseointegration, with slight stress-shieling signs in less than 10% of the hips. Conclusion: The use of cementless stems was proven to be a reliable and versatile option even in elderly patients for elective THA and HH for femoral neck fracture.






Keywords:


cementless stem; total hip arthroplasty; hip hemiarthroplasty; survival; plasma-spray; porous titanium; hydroxyapatite; elderly patient












1. Introduction


Total hip arthroplasty (THA) is now considered an effective and reliable surgical procedure for the treatment of end-stage hip osteoarthritis [1]. It is well known that the number of people requiring THA is constantly growing and that the average life expectancy and patient expectations are rising; thus, the long-term survival and safety of prosthetic implants are becoming even more relevant requirements, particularly for elderly patients [2,3].



Cementless implants represent the standard in conventional primary THA for the general patient population [4,5], but in elective surgery, there is controversy regarding the use of cementless femoral stems rather than cemented stems in elderly patients because of poor-quality clinical evidence [4,6]. The best femoral component fixation method also remains unclear in hip hemiarthroplasty (HH) for acute femoral neck fracture [7,8].



Cementless stems are at higher risk of design-related complications, such as femoral fractures, thigh pain, and stress shielding. The use of cementless stems in primary THA reveals higher revision rates than those of cemented stems in patients older than 75 years with primary osteoarthritis, especially in women [9,10,11], and this trend is also reflected in HH [12]. The reason for the higher revision rate associated with cementless fixation can be mainly attributable to the increased risk of early periprosthetic fracture [13]. However, cementless stem fixation offers relevant advantages over cemented fixation, such as a reduced operative time, reduced cardiopulmonary perioperative complications, excellent long-term survival, bone sparing designs, and easier revision surgery in the case of early failure [4,7,14,15].



However, despite these premises, the use of cementless stems in elective THA is gaining increasing popularity worldwide in the clinical practice, especially for elderly patients, with promising results [3,4,9,11].



In the Tuscany region of Italy, since 2008, we have largely used a cementless stem with a double coating of plasma-sprayed titanium (Ti) and hydroxyapatite (HA) both in elective surgery and in trauma surgery for acute femoral neck fracture.



With these considerations, the question we aim to answer is as follows: is this cementless stem a viable option even when it is used in elderly patients in elective arthroplasty and in total or partial arthroplasty for displaced femoral neck fracture?



Thus, the purpose of this retrospective, multicenter, observational study was to report midterm outcomes of this plasma-sprayed Ti/HA stem used in a large consecutive series of patients of 70 years or older undergoing elective primary THA and THA or HH for displaced fracture of the femoral neck.




2. Materials and Methods


Three tertiary care public hospitals within the Tuscany region of Italy were selected as investigation sites for the study: Azienda Ospedaliera Universitaria Pisana, Ospedale della Versilia, and Ospedale di Livorno. Since 2008, in these three centers, a plasma-sprayed Ti/HA cementless femoral stem has largely been used in elective primary THA and HH for femoral neck fracture.



Inclusion criteria were patients who were 70 years old or older at the time of surgery; having a THA or HH with the same cementless plasma-sprayed femoral stem between 2008 and 2016 in these centers with, as indications, primary or secondary osteoarthritis, femoral head osteonecrosis, or subcapital displaced fracture of the femoral neck (Garden classification 3 or 4 [16]); and a minimum 4-year follow-up.



The primary study end-point was defined as the cumulative probability of survival of the femoral stem with revision for all reasons and for aseptic loosening. Secondary study end-points were major revisions and complications, and clinical and radiographic outcomes.



The femoral implant used in all procedures was the Exacta HAX-Pore® stem developed by Permedica Orthopaedics, Merate, Italy. The Exacta HAX-Pore® stem is a cementless plasma-sprayed titanium stem with a straight, double-tapered design with a blunt rectangular cross-section and a rounded distal tip. The stem features a double-layer coating with open-pore 300 μm Ti and additional 50 μm HA, plasma-sprayed over a grit-blasted titanium alloy (Ti6AI7Nb), which provide an implant surface roughness of Ra ≥ 21 μm (Figure 1).



To increase primary stability and the bone-to-implant contact area, longitudinal grooves are present in the distal two-thirds of the stem and transversal grooves in the proximal third.



Surgical procedures were performed by five experienced senior surgeons (M.L., N.P., E.B., M.S., and M.M.) and their junior trainees. Each senior surgeon performs more than 100 hip arthroplasties per year, with an average of 20 Exacta stem implants per year. A posterior lateral surgical approach was used in all procedures with joint capsule repair when possible. The femoral canal was prepared with rasps that have bone-cutting teeth on the medial/lateral and anterior/posterior sides, allowing optimal fit between the stem and cortical bone.



This study was conducted by examining medical records, outpatient reports, and radiographic images of the patients undergoing surgery using the Exacta Hax-Pore® stem. Surgery registers were evaluated to collect information on any intraoperative complications. Patients were contacted by telephone and then invited to a clinical and radiographic follow-up. Data according to the protocol were collected by N.P., E.B., P.D.P., S.M., L.B. (Luca Bonini), and E.N.



This study was approved on April 2019 by the Ethics Committee of Pisa with protocol number 14451. The study was conducted in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. All patients enrolled in the study gave their written informed consent.



2.1. Patient Selection


Through a hospital database search, a total of 7124 THA and HH procedures were performed from 2008 to 2016, of which 955 were performed using the Exacta HAX-Pore® stem. Out of these 955 implants, 453 were identified to be implanted in patients of 70 years of age or older. A total of 73 hips were lost because of death, 36 hips were lost to follow-up, and 43 patients were contacted about their hips by telephone but refused to participate, leaving 301 hips (293 patients) available for follow-up evaluation (Figure 2).




2.2. Clinical Evaluation


Clinically, patients were evaluated with the new Forgotten Joint Score (FJS) [17], a patient-reported outcome score administered at follow-up visit or by telephone interview to those patients unable to return to the hospital. Patients treated at other centers were also asked to provide information regarding the possible occurrence of complications.




2.3. Radiographic Analysis


Radiographic analysis was performed on the more recently available radiographs. If the available radiographs were obtained earlier than one year before the beginning of the study, new radiographs of the hip were produced at the study follow-up visit. The anteroposterior (AP) and lateral radiographs of the hips were independently evaluated by two authors who were not involved in the surgeries (L.B. (Luca Bonini) and P.D.P.). Any disagreement regarding radiographic evaluation was resolved by further evaluation of the radiographic parameter by one senior author (E.B.) to achieve consensus for all parameters.



The radiographs were examined for the following factors:



(1) Periprosthetic radiolucent lines [18] and osteolysis, defined as an area of localized progressive bone resorption or endosteal erosion [19], allocated according to the Gruen zones 1–14 [20].



(2) Bone hypertrophy, defined as a thickening of the periprosthetic bone [19] and allocated according to the Gruen zones 1–14.



(3) Stem subsidence ≥ 2 mm, considered as a significant risk factor of future implant loosening. This was evaluated by comparing the post-surgery AP radiograph and last follow-up AP radiograph [21]. In order to evaluate the subsidence of the stem using OrthoView, the distance between the tip of the greater trochanter and the line drawn between the trochanteric shoulder tip and the medial proximal groove near the neck was measured.



(4) Pedestal formation, defined as the shelf of endosteal new bone at the stem tip partially or completely bridging the intramedullary canal [22].




2.4. Statistical Analysis


Statistical analysis was performed using GraphPad Prism 8.0 statistical software (San Diego, CA, USA). Continuous variables were reported as mean ± standard deviation, and dichotomous variables were reported as numbers and percentages. The Mann–Whitney test was used to analyze differences between non-parametric variables. Implant cumulative probability of survival was determined according to the Kaplan–Meier method with a 95% confidence interval. Lost to follow-up cases were included as censored cases in survival analysis.





3. Results


The study cohort included 301 hips of 293 patients, on which 35 (11.6%) HHs were performed for displaced femoral neck fracture and 266 (88.4%) THAs (7 patients had undergone bilateral THA) were performed for primary or secondary osteoarthritis (227 hips, 75.5%), femoral head osteonecrosis (17 hips, 5.6%), and displaced femoral neck fracture (22 hips, 7.3%). The stem was implanted in femur Dorr type A in 24 hips (8%), type B in 124 hips (41%), and type C in 153 hips (51%). Regarding patient demographic data, 223 were female and 70 were male; the mean age at the time of surgery was 78 years, with a range from 70 to 93. Considering the design of the study, only patients with complete adhesion to the inclusion criteria were considered. Mean follow-up was 8.6 years (range, 4 to 12 years).



As an acetabular component, the Permedica Jump System HAX-pore® press fit cup was used in 225 hips, the Permedica Jump System Cooper threaded cup in 24, the Stryker Trident System cup in 14, and the Lima Delta cup in 3. In all THA procedures, a 32 mm or 36 mm ceramic femoral head was used coupled with a ceramic or a vitamin E-blended, moderately cross-linked ultrahigh molecular weight polyethylene acetabular insert.



3.1. Complications


An intraoperative femoral fracture, i.e., calcar fissure, occurred during stem implantation in Dorr type B femurs in three (0.9%) female patients, two with osteoarthritis and one with femoral neck fracture: one femoral fracture was intraoperatively not recognized and afterwards was treated at 10 days with stem revision and cerclage of the femur, while the other two fractures were intraoperatively treated with femoral cerclage without any further complications.



A total of 11 (3.6%) postoperative periprosthetic fractures occurred in 7 type C and 4 type B femurs, all due to traumatic events: 3 occurred after HH in osteoporotic patients with femoral neck fracture and 8 after THA in patients with osteoarthritis. Fractures were classified as type A in two hips, B1 in eight hips, and B2 in one hip according to Vancouver classification [23]. Nine type B1 fractures were treated by synthesis with plates, as the stem was found to be stable, and one type B2 fracture was treated by synthesis with plate and stem removal (Figure 3).



Periprosthetic infection was detected in 12 hips (3.9%): four hips with an early infection were successfully treated by debridement, antibiotics, and implant retention; three deep infections required two-stage revision; and the remaining five patients underwent chronic antibiotic therapy due to severe comorbidities compresence.



Prosthetic dislocation occurred in a total of nine hips (2.9%). Two dislocations occurred after HH and required conversion to THA, leaving the stem in situ. Hip reduction under narcosis was performed in two patients with THA without any other subsequent episodes, and the other five dislocations after THA required revision of the acetabular component only.




3.2. Implant Survival


Overall, 13 THAs were revised, of which five required stem revision and nine acetabular revision. An additional 18 hips were reoperated on without stem or acetabular cup removal.



The cumulative survival of the stem was 98.5% (95% CI, 96.4–99.4%) with stem revision due to any reason as the end-point at 10-year follow-up (91 hips at risk; Figure 4). Stem survival was 100% with stem revision due to aseptic loosening as the end-point.




3.3. Clinical Analysis


In patients without complications, the mean FJS was 98.7, with a range from 37 to 100. Five patients reported a negative FJS score (<70), stating a certain degree of discomfort regarding the prosthesis: in three of these patients, the index diagnosis was femoral neck fracture. Despite the poor clinical outcomes, the implant was radiographically stable in these patients.




3.4. Radiological Analysis


Radiographic evaluation was performed on AP radiographs for all 301 hips, with the lateral view available for 154 hips. Overall, there was a substantial degree of agreement among radiographic parameter assessments. In Figure 5, radiographic analysis results for radiolucent lines, osteolysis, bone hypertrophy, and formation are summarized.



All the identified radiolucency lines were evaluated as slightly ≤1 mm. Thin radiolucent lines and linear osteolysis were found in 19 hips (6%) in proximal zones. Cortical hypertrophy was identified in 22 hips (7%) in distal zones. Incomplete and complete bone pedestal was found below the stem tip in 16 hips (5%). The stem showed excellent osseointegration with direct contact with the cortical and cancellous bone in more than 90% of hips (Figure 6).



Stem distal migration ≥ 1 mm was detected on radiographic follow-up in 11 hips (3.6%), of which 5 (1.6%) showed subsidence ≥ 2 mm. These 11 hips with a mean stem subsidence of 1.6 mm (range: 1.0–2.4 mm) remained completely asymptomatic and included 4 Dorr B femurs and 7 Dorr C femurs, of which 2 occurred after periprosthetic fracture.





4. Discussion


There has been a worldwide trend toward cementless fixation in THA over the last two decades, and even countries where the traditional use of cement is well established have not been excluded from this trend [9,14].



Facing the increasing average life expectancy of the population, the growing patient expectations following THA, and the higher quality of healthcare and medical device standards, the long-term survival of hip prostheses is becoming even more essential [2].



In primary THA, implant loosening represents the most common reason for failure after midterm follow-up, showing a linear increase per follow-up year [3,10].



Revision for aseptic loosening is low in cementless THA, and, in particular, revision of cementless stems is the lowest in younger patients, who would be expected to have higher physical demands with higher failure rates secondary to loosening [14,15].



One of the most commonly used cementless stem designs is the Corail stem. While some registry-based studies have suggested that HA appears to have no significant clinical advantage in stem loosening [4], the literature is consistent regarding the excellent long-term survivals of the Corail stem [24,25,26,27]. Composite coatings of plasma-sprayed Ti particles with additional over-sprayed HA were developed to provide stronger coating adhesion strength to implant substrates and increased implant surface roughness [28]. Moreover, the first porous Ti coating, together with the external layer of HA, showed a synergic combination promoting fast implant osseointegration and stronger mechanical fixation with bone [29]. Some recent studies have reported excellent mid- to long-term stem survivals with the Polarstem, a Corail-design plasma-sprayed stem with 180 μm porous Ti and 50 μm HA, suggesting that this type of double Ti/HA plasma-sprayed coating could massively reduce the risk of implant aseptic loosening [30,31,32].



A similar trend towards cementless femoral fixation in THA has also occurred in aged patients [4,9]. Some studies in elderly patients have been conducted with short- and midterm follow-up on different cementless stems, with consistently satisfactory outcomes, but there is still poor clinical evidence [4]. Zimmerer et al. and Ahmad et al. recently reported 98% and 97.4% survival rates at 6-year follow-up for Corail and Polarstem, respectively, after THA in patients over 75 years [33,34].



The present study reported an excellent survival rate of the plasma-sprayed porous Ti/HA Exacta HAX-Pore® femoral stem used in patient over 70 years. Our stem survival was comparable with survival rates reported by Zimmerer et al. and Ahmad et al. for Corail and Polarstem, respectively [33,34].



Our findings also confirmed the excellent short- to midterm outcomes reported in another previous study regarding the same prosthetic femoral implant used in younger patients [35]. Castellini et al. reported no cases of stem aseptic loosening or periprosthetic fractures, with an excellent implant survival rate (100%) with stem revision for any reason after a mean follow-up of 4 years [35]. In comparison with the study conducted by Castellini et al. our study included a larger cohort of implants from three large-volume centers, longer follow-up, a higher mean patient age, and a study population at a greater risk for perioperative complications, in order to investigate the safety and effectiveness of the same plasma-sprayed femoral stem in worse conditions with more serious indications.



Radiographically, all assessed hips appeared to have excellent osseointegration of the femoral stem. Slight signs of stress shielding were recognizable in less than 10% of the hips.



The most common intraoperative complication when using cementless stem fixation in elective THA in elderly patients, in particular female patients, or in HH for femoral neck fracture, is the fracture of the femur during press-fit implantation [36].



In the literature, the prevalence of intraoperative femoral fracture in elderly patients associated with the Corail stem ranges from 1.9% [37] to 10% [38,39]. A recent epidemiologic study on periprosthetic fracture reported 3.0% of intraoperative femoral fractures for cementless stem in primary THA [36]. In our study, although including HHs, we found a lower prevalence (0.9%) of intraoperative femoral fracture than values reported in the literature.



Postoperative periprosthetic femoral fracture, infection, and dislocation were found to be the most common postoperative complications and the main reasons for reoperation in our study. Our prevalence of postoperative periprosthetic femoral fracture was 3.2% over 10 years, confirming the fact that this remains one of the most common complications associated with cementless stems in aged patients [13].



The typical migration pattern of cementless HA-coated stems has been described as an early slight subsidence occurring in the first months after implantation followed by stem stabilization. This migration pattern does usually not imply pain or discomfort for patients, and only in rare cases does it lead to periprosthetic fracture [40].



The mean subsidence of the Corail stem has been measured to be 0.7 mm and occurred within the first 6 months, after which the implant stabilized over years [41]. Faisal et al. reported a prevalence of Corail stem subsidence greater than 2 mm of 6.3% in patients over 70 years old after THA [40]. A more recent study reported a subsidence rate of the Corail collarless stem of 3.6%, which was significantly correlated with Dorr type C femur in over 70 patients with displaced femoral neck fracture [42]. Conversely, another contemporary study reported for collared Corail stem a subsidence prevalence of 3.9% without a significant relationship with femur Dorr type [43].



The radiographic findings of the present study revealed a few cases (1.6%) of stem subsidence ≥2 mm with no associated postoperative periprosthetic fracture. This lower percentage could be explained by several factors that may play a role in reducing stem subsidence, such as the high number of Dorr type B femurs in our study population, the higher prosthetic surface roughness and friction due to the plasma-sprayed Ti coating, and accurate preoperative planning.



Strengths and Weaknesses


The clinical relevance of this study is undoubtedly the large cohort of patients over 70 years of age receiving the same femoral stem in a multicenter clinical practice setting. Further strengths of this study are the high mean study follow-up in consideration of patient age and the high number of subjects remaining at risk at 10-year follow-up. Thus, the findings of our study could provide further evidence regarding the safety and effectiveness of the use of cementless plasma-sprayed stems in THA in elderly patients.



The current study was also not without limitations. First, the retrospective, non-controlled nature of the study design itself, which did not allow for a high level of evidence (level of evidence: 4), can be viewed as a limitation. Second, the heterogeneity of the study population and surgical treatment, which included both THA and HH, may have introduced bias into the survival analysis or complications rate. Third, only one clinical scoring system was used to assess the patient postoperative condition without a preoperative baseline. Another important limitation is the lack of a radiographic quantitative method to precisely measure with accuracy some important radiographic parameters, such as stem subsidence.





5. Conclusions


Our study reported 98.5% survival at 10-year follow-up for a cementless plasma-sprayed porous Ti/HA femoral stem. The lack of stem failures due to aseptic loosening, the low degree of stress shielding with excellent osseointegration, and the low incidence of intraoperative femoral fracture support the use of cementless stems in elderly patients despite postoperative femoral fracture being confirmed as one of the most common complications. On the basis of the excellent results of this study, poor bone quality and advanced age cannot be considered as contraindications for the use of this stem.



In conclusion, the use of a cementless plasma-sprayed porous Ti/HA femoral stem was proven to be a reliable and versatile option in elective primary THA for elderly patients and in HH for femoral neck fracture.







Author Contributions


N.P., M.S., L.B. (Lorenzo Banci), and M.M.: study concept and design; N.P., E.B., P.D.P., S.M., L.B. (Luca Bonini), and E.N.: investigation, data collection, and data analysis; N.P., L.B. (Lorenzo Banci), S.M., and E.N.: writing—original draft. All authors have read and agreed to the published version of the manuscript.




Funding


This research received sponsorship from Permedica Orthopaedics. The sponsor had no role in data collection or analysis and interpretation of the results. The sponsor participated in the concept and design of the study.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee of Tuscany Region—Area Vasta Nord Ovest, Tuscany, Italy (protocol code 14451, 11 April 2019).




Informed Consent Statement


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




Data Availability Statement


Data available on request and not publicly available due to restrictions of privacy. The data presented in this study are available on request from the corresponding author and with permission of “Azienda Ospedaliera Universitaria Pisana”.




Acknowledgments


By means of the present work, all authors wish to thank, remember, and commemorate the life and love for his job of Michele Lisanti (M.L.), director and senior orthopedic surgeon of the Orthopedic and Traumatology I Unit of the Azienda Ospedaliera Universitaria Pisana, who promoted and endorsed the present study.




Conflicts of Interest


Lorenzo Banci is employed as a clinical researcher at Permedica Orthopaedics. All other authors declare no conflict of interest in relation to the present research.




References


	



Learmonth, I.D.; Young, C.; Rorabeck, C. The Operation of the Century: Total Hip Replacement. Lancet 2007, 370, 1508–1519. [Google Scholar] [CrossRef]

	



Evans, J.T.; Evans, J.P.; Walker, R.W.; Blom, A.W.; Whitehouse, M.R.; Sayers, A. How Long Does a Hip Replacement Last? A Systematic Review and Meta-Analysis of Case Series and National Registry Reports with More than 15 Years of Follow-Up. Lancet 2019, 393, 647–654. [Google Scholar] [CrossRef]

	



Emilia-Romagna Region Register of the Orthopaedic Prosthetic Implants. Annual Report 2020. Available online: Https://Ripo.Cineca.It/Authzssl/Pdf/Report_RIPO_2018_ENG.Pdf (accessed on 7 September 2021).

	



Kheir, M.M.; Drayer, N.J.; Chen, A.F. An Update on Cementless Femoral Fixation in Total Hip Arthroplasty. J. Bone Jt. Surg. Am. 2020, 102, 1646–1661. [Google Scholar] [CrossRef] [PubMed]

	



The German Arthroplasty Registry. Annual Report 2020. Available online: Https://Www.Eprd.de/Fileadmin/User_upload/Dateien/Publikationen/Berichte/AnnualReport2020-Web_2021-05-11_F.Pdf (accessed on 7 September 2021).

	



Konan, S.; Abdel, M.P.; Haddad, F.S. Cemented Versus Uncemented Hip Implant Fixation: Should There Be Age Thresholds? Bone Jt. Res. 2019, 8, 604–607. [Google Scholar] [CrossRef] [PubMed]

	



Li, N.; Zhong, L.; Wang, C.; Xu, M.; Li, W. Cemented Versus Uncemented Hemi-Arthroplasty for Femoral Neck Fractures in Elderly Patients: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Medicine (Baltimore) 2020, 99, e19039. [Google Scholar] [CrossRef] [PubMed]

	



Imam, M.; Shehata, M.; Morsi, M.; Shawqi, M.; Elsehili, A.; Trikha, P.; Ernstbrunner, L.; Unnithan, A.; Khaleel, A.; Monga, P.; et al. The Effect of Type of Femoral Component Fixation on Mortality and Morbidity after Hip Hemiarthroplasty: A Systematic Review and Meta-Analysis. HSS J. 2020, 16, 222–232. [Google Scholar] [CrossRef] [PubMed]

	



Troelsen, A.; Malchau, E.; Sillesen, N.; Malchau, H. A Review of Current Fixation Use and Registry Outcomes in Total Hip Arthroplasty: The Uncemented Paradox. Clin. Orthop. Relat. Res. 2013, 471, 2052–2059. [Google Scholar] [CrossRef] [PubMed]

	



Australian Orthopaedic Association National Joint Replacement Registry. Hip, Knee & Shoulder Arthroplasty Annual Report 2020. Available online: Https://Aoanjrr.Sahmri.Com/Annual-Reports-2020 (accessed on 7 September 2021).

	



Norwegian National Advisory Unit on Arthroplasty and Hip Fractures. Norwegian Arthroplasty Register Report 2019. Available online: Http://Nrlweb.Ihelse.Net (accessed on 7 September 2021).

	



Canadian Joint Replacement Registry. Revision Risk Curves, 2019–2020. Available online: Https://Www.Cihi.ca/Sites/Default/Files/Document/Cjrr-Revision-Risk-Curves-Data-Tables-2009-2019-En.Pdf (accessed on 7 September 2021).

	



Springer, B.D.; Etkin, C.D.; Shores, P.B.; Gioe, T.J.; Lewallen, D.G.; Bozic, K.J. Perioperative Periprosthetic Femur Fractures Are Strongly Correlated with Fixation Method: An Analysis from the American Joint Replacement Registry. J. Arthroplast. 2019, 34, S352–S354. [Google Scholar] [CrossRef] [PubMed]

	



Wyatt, M.; Hooper, G.; Frampton, C.; Rothwell, A. Survival Outcomes of Cemented Compared to Uncemented Stems in Primary Total Hip Replacement. World J. Orthop. 2014, 5, 591–596. [Google Scholar] [CrossRef] [PubMed]

	



Wechter, J.; Comfort, T.K.; Tatman, P.; Mehle, S.; Gioe, T.J. Improved Survival of Uncemented versus Cemented Femoral Stems in Patients Aged <70 Years in a Community Total Joint Registry. Clin. Orthop. Relat. Res. 2013, 471, 3588–3595. [Google Scholar] [CrossRef]

	



Garden, R.S. Low-Angle Fixation in Fractures of the Femoral Neck. J. Bone Jt. Surg. Br. 1961, 43, 647–663. [Google Scholar] [CrossRef]

	



Behrend, H.; Giesinger, K.; Giesinger, J.M.; Kuster, M.S. The “Forgotten Joint” as the Ultimate Goal in Joint Arthroplasty: Validation of a New Patient-Reported Outcome Measure. J. Arthroplast. 2012, 27, 430–436.e1. [Google Scholar] [CrossRef]

	



Zicat, B.; Engh, C.A.; Gokcen, E. Patterns of Osteolysis around Total Hip Components Inserted with and without Cement. J. Bone Jt. Surg. Am. 1995, 77, 432–439. [Google Scholar] [CrossRef]

	



Aldinger, P.R.; Breusch, S.J.; Lukoschek, M.; Mau, H.; Ewerbeck, V.; Thomsen, M. A Ten- to 15-Year Follow-Up of the Cementless Spotorno Stem. J. Bone Jt. Surg. Br. 2003, 85, 209–214. [Google Scholar] [CrossRef] [PubMed]

	



Gruen, T.A.; McNeice, G.M.; Amstutz, H.C. “Modes of Failure” of Cemented Stem-Type Femoral Components: A Radiographic Analysis of Loosening. Clin. Orthop. Relat. Res. 1979, 141, 17–27. [Google Scholar] [CrossRef]

	



Clauss, M.; Van Der Straeten, C.; Goossens, M. Prospective Five-Year Subsidence Analysis of a Cementless Fully Hydroxyapatite-Coated Femoral Hip Arthroplasty Component. Hip Int. 2014, 24, 91–97. [Google Scholar] [CrossRef] [PubMed]

	



Meding, J.B.; Ritter, M.A.; Keating, E.M.; Faris, P.M. Clinical and Radiographic Evaluation of Long-Stem Femoral Components Following Revision Total Hip Arthroplasty. J. Arthroplast. 1994, 9, 399–408. [Google Scholar] [CrossRef]

	



Duncan, C.P.; Masri, B.A. Fractures of the Femur after Hip Replacement. Instruct. Course Lect. 1995, 44, 293–304. [Google Scholar] [PubMed]

	



Magill, P.; Blaney, J.; Hill, J.C.; Bonnin, M.P.; Beverland, D.E. Impact of a Learning Curve on the Survivorship of 4802 Cementless Total Hip Arthroplasties. Bone Jt. J. 2016, 98-B, 1589–1596. [Google Scholar] [CrossRef] [PubMed]

	



Reikerås, O. Total Hip Arthroplasty with a Fully Hydroxyapatite-Coated Stem: A Cohort Study During 23–28 Years. J. Arthroplast. 2017, 32, 1543–1546. [Google Scholar] [CrossRef] [PubMed]

	



Wangen, H.; Nordsletten, L.; Boldt, J.G.; Fenstad, A.M.; Beverland, D.E. The Corail Stem as a Reverse Hybrid—Survivorship and x-Ray Analysis at 10 Years. Hip Int. 2017, 27, 354–360. [Google Scholar] [CrossRef]

	



Jameson, S.S.; Baker, P.N.; Mason, J.; Rymaszewska, M.; Gregg, P.J.; Deehan, D.J.; Reed, M.R. Independent Predictors of Failure up to 7.5 Years after 35 386 Single-Brand Cementless Total Hip Replacements: A Retrospective Cohort Study Using National Joint Registry Data. Bone Jt. J. 2013, 95-B, 747–757. [Google Scholar] [CrossRef] [PubMed]

	



Zheng, X.; Huang, M.; Ding, C. Bond Strength of Plasma-Sprayed Hydroxyapatite/Ti Composite Coatings. Biomaterials 2000, 21, 841–849. [Google Scholar] [CrossRef]

	



Walsh, W.R.; Pelletier, M.H.; Bertollo, N.; Lovric, V.; Wang, T.; Morberg, P.; Parr, W.C.H.; Bergadano, D. Bone Ongrowth and Mechanical Fixation of Implants in Cortical and Cancellous Bone. J. Orthop. Surg. Res. 2020, 15, 177. [Google Scholar] [CrossRef]

	



Willburger, R.E.; Heukamp, M.; Lindenlaub, P.; Efe, T.; Peterlein, C.-D.; Schüttler, K.-F. Excellent Midterm Survival and Functional Outcomes of a Fully Hydroxyapatite-Coated Cementless Stem: First Results of a Prospective Multicenter Study. Arthroplast. Today 2020, 6, 201–205. [Google Scholar] [CrossRef] [PubMed]

	



Cypres, A.; Fiquet, A.; Girardin, P.; Fitch, D.; Bauchu, P.; Bonnard, O.; Noyer, D.; Roy, C. Long-Term Outcomes of a Dual-Mobility Cup and Cementless Triple-Taper Femoral Stem Combination in Total Hip Replacement: A Multicenter Retrospective Analysis. J. Orthop. Surg. Res. 2019, 14, 376. [Google Scholar] [CrossRef] [PubMed]

	



Assaf, A.; Manara, J.R.; Teoh, K.H.; Evans, A.R. Mid-Term Clinical Results of the Cementless R3 Cup and Polarstem Total Hip Arthroplasty. Eur. J. Orthop. Surg. Traumatol. 2019, 29, 827–833. [Google Scholar] [CrossRef]

	



Zimmerer, A.; Navas, L.; Kinkel, S.; Weiss, S.; Hauschild, M.; Streit, M. Midterm Survivorship of an Uncemented Hydroxyapatite-Coated Titanium Femoral Component and Clinically Meaningful Outcomes in Patients Older than 75 Years. J. Clin. Med. 2021, 10, 1019. [Google Scholar] [CrossRef]

	



Ahmad, A.; Mirza, Y.; Evans, A.R.; Teoh, K.H. A Comparative Study between Uncemented and Hybrid Total Hip Arthroplasty in Octogenarians. J. Arthroplast. 2018, 33, 3719–3723. [Google Scholar] [CrossRef]

	



Castellini, I.; Andreani, L.; Parchi, P.D.; Bonicoli, E.; Piolanti, N.; Risoli, F.; Lisanti, M. Hydroxyapatite in Total Hip Arthroplasty. Our Experience with a Plasma Spray Porous Titanium Alloy/Hydroxyapatite Double-Coated Cementless Stem. Clin. Cases Min. Bone Metab. 2016, 13, 221–227. [Google Scholar] [CrossRef]

	



Abdel, M.P.; Watts, C.D.; Houdek, M.T.; Lewallen, D.G.; Berry, D.J. Epidemiology of Periprosthetic Fracture of the Femur in 32 644 Primary Total Hip Arthroplasties: A 40-Year Experience. Bone Jt. J. 2016, 98-B, 461–467. [Google Scholar] [CrossRef]

	



Figved, W.; Opland, V.; Frihagen, F.; Jervidalo, T.; Madsen, J.E.; Nordsletten, L. Cemented versus Uncemented Hemiarthroplasty for Displaced Femoral Neck Fractures. Clin. Orthop. Relat. Res. 2009, 467, 2426–2435. [Google Scholar] [CrossRef]

	



Grammatopoulos, G.; Wilson, H.A.; Kendrick, B.J.L.; Pulford, E.C.; Lippett, J.; Deakin, M.; Andrade, A.J.; Kambouroglou, G. Hemiarthroplasty Using Cemented or Uncemented Stems of Proven Design: A Comparative Study. Bone Jt. J. 2015, 97-B, 94–99. [Google Scholar] [CrossRef]

	



Bell, K.R.; Clement, N.D.; Jenkins, P.J.; Keating, J.F. A Comparison of the Use of Uncemented Hydroxyapatite-Coated Bipolar and Cemented Femoral Stems in the Treatment of Femoral Neck Fractures: A Case-Control Study. Bone Jt. J. 2014, 96-B, 299–305. [Google Scholar] [CrossRef]

	



Faisal, M.; Thomas, G.; Young, S.K. Subsidence of the Corail Femoral Component in the Elderly. A Retrospective Radiological Review. Hip Int. 2011, 21, 325–329. [Google Scholar] [CrossRef] [PubMed]

	



Critchley, O.; Callary, S.; Mercer, G.; Campbell, D.; Wilson, C. Long-Term Migration Characteristics of the Corail Hydroxyapatite-Coated Femoral Stem: A 14-Year Radiostereometric Analysis Follow-Up Study. Arch. Orthop. Trauma Surg. 2020, 140, 121–127. [Google Scholar] [CrossRef] [PubMed]

	



Song, J.-H.; Jo, W.-L.; Lee, K.-H.; Cho, Y.-J.; Park, J.; Oh, S. Subsidence and Perioperative Periprosthetic Fractures Using Collarless Hydroxyapatite-Coated Stem for Displaced Femoral Neck Fractures According to Dorr Type. J. Orthop. Surg. (Hong Kong) 2019, 27, 2309499019877530. [Google Scholar] [CrossRef] [PubMed]

	



Syed, F.; Hussein, A.; Katam, K.; Saunders, P.; Young, S.K.; Faisal, M. Risk of Subsidence and Peri-Prosthetic Fractures Using Collared Hydroxyapatite-Coated Stem for Hip Arthroplasty in the Elderly. Hip Int. 2018, 28, 663–667. [Google Scholar] [CrossRef]








[image: Jcm 10 04735 g001 550] 





Figure 1. Image of the Exacta HAX-Pore® femoral stem (lateralized version with +6 mm offset) and details of the plasma-sprayed porous titanium and hydroxyapatite double coating, developed by Permedica Orthopaedics, Merate, Italy. 
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Figure 2. Study flow diagram. 
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Figure 3. (A,B) Postoperative B2 periprosthetic fracture after trauma, which was successfully treated with stem revision with an uncemented, long modular revision stem and osteosynthesis by cerclage and fixation plate (C). 
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Figure 4. Kaplan—Meier cumulative survival of the femoral stem with femoral stem revision due to any reason as the end-point (red line). Dotted lines represent 95% confidence interval values. 






Figure 4. Kaplan—Meier cumulative survival of the femoral stem with femoral stem revision due to any reason as the end-point (red line). Dotted lines represent 95% confidence interval values.



[image: Jcm 10 04735 g004]







[image: Jcm 10 04735 g005 550] 





Figure 5. Radiographic assessment of the femoral stem according to Gruen zones 1 to 7 on anterior/posterior radiographs for 301 hips with complete available radiographic follow-up and zones 8 to 14 on lateral radiographs for 154 hips. In the figure, the numbers from left to right refer, respectively to: Gruen zone, number of hips with presence of radiolucency lines, number of hips with periprosthetic osteolysis, number of hips with cortical hypertrophy. 
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Figure 6. Ten-year radiographic follow-up of a THA performed in a woman aged 79 years with hip osteoarthritis, showing excellent osseointegration around the stem, lack of radiolucent lines, and minimal signs of stress-shielding with slight distal cortical hypertrophy and pedestal formation. (A) Preoperative AP radiograph of the affected hip. (B,C) AP and lateral radiographs at 10-year follow-up. A Brooker 3 heterotopic ossification was detectable laterally inside the capsule. D means right side. 
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