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Abstract

:

Total hip arthroplasty (THA) for end-stage osteoarthritis is one of the most effective surgical treatments in medicine. Impressive outcomes have been well documented in the literature with patients gaining ambulation and recovery of hip joint function. Nevertheless, there are still debatable issues and controversies that the orthopedic community has not been able to provide a definitive answer for. This review is focused on the current three most debatable issues surrounding the THA procedure: (1) new cutting-edge technology, (2) spinopelvic mobility, and (3) fast-track protocols. The scope of the herein narrative review is to analyze the debatable issues surrounding the three aforementioned topics and conclude the best contemporary clinical approaches regarding each issue.
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1. Introduction


The first publication pertaining to total hip arthroplasty dates back to the 1940s [1,2]. Twenty years later, the concept of low-friction total hip arthroplasty in the United Kingdom was developed by Sir John Charnley (THA) [3,4]. Despite the fact that the initial outcomes of THA were rather disappointing, there have been significant advances over the last three decades that have led to significant improvements and, consequently, better clinical outcomes [5]. Hip arthroplasty is estimated to have a 95% survivorship at a 10-year follow-up (The NJR Editorial Board, 2013). Nowadays, THA is considered a tried-and-true milestone surgery and the clinical outcomes of the last decades have documented that it is one of the most effective and successful operations throughout all fields of surgery [6].



Despite the proven effectiveness of THA, there are still unsolved controversies and debates in the field. In the herein narrative review, we attempt to summarize the contemporary questions on three important issues pertaining to THA. Three major questions were arbitrarily chosen based on the clinical experience and everyday clinical of the leading authors of this study. Consequently, we tried to answer the following questions: (1) “How are the outcomes of robotic-assisted THA versus navigated versus conventional THA, are compared?” (2) “What is the correlation between spinal and pelvic mobility (spinopelvic tilt) and how it affects THA outcomes?”, and finally (3) “What is the current knowledge pertaining to the fast-track protocols in THA?”




2. Significance of Present Review: Discussing three Burning Topics/Questions in THA


	
Are new technologies (robotic or navigated systems) better than conventional THA?



	
How important is spinopelvic mobility for THA?



	
Is fast-track THA surgery beneficial and who is the ideal candidate for it?







3. Device-Assisted THA Versus Conventional THA


Device-assisted THA includes all new technologies which help surgeons to be more accurate in prosthesis positioning during hip arthroplasty surgery. These technologies are generally divided into robotic and computer-assisted navigation systems and are briefly depicted in Figure 1.



One of the first introductions of robotic total hip arthroplasty (RO THA) dates back to the 1990s [7]. These early robotic systems were fully active, and the femoral osteotomy as well as the implant could be performed independently by the surgeon. Nevertheless, a number of limitations were associated with the first-generation fully active robotic systems, namely soft tissue trauma, periprosthetic fractures of the femur, and high conversion rates to conventional THA [7,8]. To address these issues, a second generation of haptic/semiactive robotic systems followed. As their name implies, these systems are not completely automated, but the surgeon controls the femoral neck cut, the acetabular preparation, and the position of the cup and the stem through a robotic arm-assisted system. A preoperative CT scan and subsequent 3D reconstruction are typically needed. A recent in vitro cadaveric study [9] utilized a coordinate measurement machine (CMM), utilizing specific landmarks of the pelvis to set up a digitalized anatomical coordinate frame. Using plain anteroposterior radiographs and a mathematical formula, the 3D anteversion and inclination of the acetabular cup were estimated. According to this study, based on 2D fluoroscopy images, a surgeon can calculate 3D angles for anteversion and inclination. This method is proposed to improve the acetabular component intraoperatively [9].



	A. 

	
Robotic Systems in THA







Increased accuracy of implant positioning and less intraoperative trauma with subsequently fewer complications are factors that may improve THA survivorship through the use of robotic systems. This does not necessarily translate to increased clinical benefit; therefore, patient-reported outcomes (PROs) must be validated for an overall evaluation of robotic surgery.



Several studies and meta-analyses have been conducted in order to compare RO THA to conventional THA. In 2010, Nakamura et al. conducted a study comparing the outcomes and complications of traditional, i.e., hand-rasping implantation to active robotic-assisted techniques [10]. The authors concluded that more precise robotic-assisted implant positioning resulted in decreased led length discrepancy variance and less proximal femoral stress shielding five years after surgery. After ten years, the same group in a follow-up study demonstrated no clinical and/or radiographic advantages of robotic-assisted stem implantation compared to hand rasping during THA, concluding no benefit of robotic use [11]. On the other hand, Bargar et al. in a long-term 14-year follow-up found that patients with robotic-assisted THA scored higher for several PROs [12].



The aforementioned studies took into consideration only fully active robotic systems for THA that are not widely used in contemporary practice. Chen et al. conducted a meta-analysis of 7 studies involving 1516 patients to compare fully active or semiactive robotic surgery to traditional THA [13]. According to their findings, robotic-assisted THA was associated with lower intraoperative complication rates, improved acetabular cup and femoral stem positioning, as well as better global offset. On the other hand, a higher rate of heterotopic ossification was documented, attributed possibly to locator pin placement. Nevertheless, no difference in functional scores, limb length discrepancy, stress shielding, and overall revision rate were documented. Based on the aforementioned findings, the authors of the meta-analysis reported that robotic-assisted THA has certain benefits compared to conventional THA.



	B. 

	
Semiactive Robotic Systems







Studies comparing semiactive robotic to manual THA have shown more promising results. Notably, Domb et al. [14] and Bukowski et al. [15] documented better postoperative PROs for semiactive robotics. To the best of our knowledge, the former study is the only one in the contemporary literature that demonstrates medium-term functional outcomes with a significant difference in PROs at 5 years. At the same time, these studies reported low complication rates for both conventional THA and semiactive robotic THA.



An overview of meta-analyses published in 2021 suggested that the accuracy of component positioning could be improved, and the number of intraoperative complications could be reduced with the utilization of robot-assisted THA [16]. On the other hand, the findings affirmed that robot-assisted THA duration is prolonged by 20 min, and that robot-assisted THA is associated with increased risks of postoperative heterotopic ossification, dislocation, and revision. However, no substantial differences in clinical or functional scores between robot-assisted and conventional THA were found.



A recent study from 2022 sought to evaluate dislocation rates and related revisions, as well as cup position, PROs, and postoperative complications when comparing RO THA and manual THA [17]. The study included a total of 2247 patients who received a primary semiactive robotic-assisted THA (523) or manual THA (1724) performed via posterior-based approaches. The study resulted in lower rates of dislocation, greater cup anteversion, and lower cup inclination in the RO THA patients, while no meaningful differences were documented for demographics, PROs, or additional complications. Furthermore, in another recent study, semiactive robot-assisted THA was reported to provide more accurate acetabular cup prosthesis implantation but was associated with longer operation times compared to conventional THA [18].



The opinion of the authors of this review is that in the future, studies and reviews should focus on making a discrete distinction between active and semi-active robotic assistance, addressing technology matureness, and considering surgeon experience. Clear limitations of RO THA include the additional radiation exposure and associated hazards and the high costs related to the installation, computer software, pre-operative imaging, operational costs, surgical team training, learning curves, and the limited amount of compatible implants [19,20]. However, it has been suggested that additional costs could be balanced by the reduced length of stay, fewer complications, and longer implant survivorship [21,22]. The novelty of robotics within THA has been associated only with short-term and medium-term follow-up outcomes. Therefore it is of paramount importance that well-designed long-term follow-up studies are conducted in the near future. Lastly, longer-term follow-up studies are required to assess improvement in outcomes [6] (Learmonth et al., 2007).



	C. 

	
Navigation Systems in THA







Apart from the robotic systems, computer-assisted navigation systems have also been used in THA [23], and their use has been associated with improved precision in the acetabular component positioning. Computer-assisted navigation systems exist in two separate forms: those relying on pre-operative imaging and ‘imageless’ systems. ‘Image-driven’ systems rely on images produced by pre-operatively computer tomography (CT) scans. ‘Imageless’ systems entail that anatomic feature recognition is taking place intra-operatively and this information is used to create the surgical navigation plan. Despite the fact that CT-based navigation has been highly accurate, it is related to increased costs, the necessity for specific pre-operative imaging, and the unavoidable radiation exposure risk [24]. A large cohort study, based on a single-surgeon data series, compared an imageless navigation system with CT-based navigation systems [25]. This study sought to determine the intraoperative cup positioning compared to the universally accepted target values of 40° of inclination and 15° of anteversion, and at the same to appraise the accuracy, precision, and robustness of the navigation system. The authors concluded that the accuracy and precision of cup positioning were inferior compared to CT-based navigation systems. Image-less navigation provides a perioperative tool to achieve sufficient placement of the acetabular components [25].



One of the first meta-analyses in this field reported that the use of navigation in hip replacement compared to freehand THA improves the precision of acetabular cup positioning by decreasing the number of outliers from the anticipated alignment [26]. A major limitation of the study was the mixing of image-driven and imageless navigation THAs were combined into one group for analysis. In another study, Lass et al. [27] demonstrated that imageless navigation is helpful for the accurate positioning of the acetabular component [27]. A minimum 2-year follow-up of the aforementioned prospective randomized study was published in 2020. It concluded that imageless hip navigation indeed increases the accuracy of acetabular component placement within the target position and safe zones in comparison to conventional freehand implantation techniques. Nevertheless, the authors advocated that prospective randomized studies with long-term follow-up are needed to investigate the association of improved cup positioning to clinically meaningful outcomes [28]. Imageless navigation systems have also been found to offer more accurate anteversion and inclination positioning for acetabular cups than freehand techniques [29]. Additionally, one systematic review concluded that alternative methods for THA (computer navigation system (CAS), Optimized Positioning System (OPS™), and manual instrumentation) are safe and effective and result in acceptable acetabular cup positioning on postoperative imaging [30].



An imageless navigation systems is a computer-assisted procedure, where the surgeon uses three-dimensional sensors to detect anatomical features. An important meta-analysis published later in 2022 included all the clinical trials comparing imageless navigation versus conventional primary THA [31]. The analysis consisted of 21 studies (2706 procedures) aiming to compare cup inclination and anteversion, leg length discrepancy, surgical duration, Harris Hip Score, and rate of dislocation between the two THA approaches. Compared with conventional THA, the navigated group demonstrated slightly lower leg length discrepancy but a longer duration of the surgical procedure. The cup anteversion and inclination, Harris Hip Score, and rate of dislocation were similar between the two interventions. This latter study suggests that imageless hip navigation has not yet been widely accepted. More consolidated scientific validation is required to confirm its implementation in everyday clinical practice.



Overall, robotic and navigation technologies, can offer individualized planning and positioning of the acetabular cup, utilizing patient-specific safe zones of positioning modeled on preoperative assessment spinopelvic mobility. Nonetheless, the correlation of improved early functional outcomes to increased accuracy of implant positioning and targeted alignment utilizing these new technologies has not been documented up to date [32]. Moreover, it has been demonstrated that although robotic THA increases the accuracy in cup positioning, there is no difference in dislocation and revision rates between robotic and conventional THA [33]. At the same time, a recent review concludes that more accurate component positioning and restoration of the center of rotation results from the use of RO THA [34]. However, this improvement in radiological parameters of more accurate cup positioning has not been translated into better PROMs and/or improvement in leg length inequality. Consequently, additional research is warranted in order to investigate the long-term outcomes of each one of the aforementioned intraoperative modalities before definitive conclusions are drawn in regard to their pragmatic clinical efficacy.




4. Spinopelvic Mobility


Spinopelvic mobility embodies the dynamic and complex biomechanical interaction of the spine, pelvis, and hip, which is fundamental for normal human movement and posture. Understanding this interaction is of paramount importance for both hip arthroplasty and spine surgeons. In spinopelvic motion from standing to sitting, prevention of impingement of the femoral neck to the anterior acetabulum with resultant posterior dislocation is prevented with the normal decrease in lumbar lordosis, flexion of the hip, and posterior sacral tilt (rollback of the pelvis) [35]. When changing position from standing to supine, the anterior move of the pelvis moves results in less acetabular anteversion [36]. According to Phan et al. [37], there are four different types of spinopelvic mobility based on spinopelvic pathology: (1) flexible and balanced, (2) flexible and unbalanced, (3) rigid and balanced, and finally (4) rigid and unbalanced. In the same study, the authors suggest that treatment and especially cup positioning should be embedded according to the type of spinopelvic mobility. Lum et al. [35] also suggest that there are some patients that could benefit from dual mobility articulation arthroplasty. These patients are those whose ante-inclination (AI) measurement changes < 5° between sitting and standing positions, and those whose AI values are >75° in the sitting position.



Spinopelvic mobility can be affected by degenerative diseases of the hip and spine, as well as previous spinal fusion. In the geriatric population, there is an increase in degenerative musculoskeletal diseases and, as anticipated, an increase in patients with concomitant degenerative spine and hip pathological conditions. Consequently, the population of patients demanding lumbar fusion and THA will also increase considerably [38,39,40]. The coexistence of hip osteoarthritis and adult spinal deformity is very common, leading to sagittal spinopelvic malalignment. It is not clear which of these two pathologies must be corrected first [41,42]. However, the functional orientation of the acetabulum can be affected by alterations in spinopelvic mobility. To prevent complications after THA, it is important to preoperatively focus on the interplay between spinopelvic mobility parameters and the positioning of the implant [43]. For example, in a stiff spine, posterior dislocation of a THA can result when the stiff spine leads to a loss of the normal posterior pelvic tilt and anterior impingement when sitting.



The terminology used to describe the understanding and the various parameters of spinopelvic mobility and its implications in cup positioning has been confusing. Therefore a Hip-Spine Workgroup was created at the American Academy of Orthopedic Surgeons Annual Meeting in 2018 to facilitate the standardization of the terminology used to describe spinopelvic disease [44]. It is important to note that due to the progressive degeneration process, imbalance and spinopelvic mobility may deteriorate over time. Consequently, it becomes clear that spinopelvic mobility potentially a dynamic condition, and thus the classification of patients may change over time.



Dislocation is a common complication after THA [45]. Currently, it is well-documented that an increased risk of dislocation exists, even in patients where the acetabular component has been placed within the traditional “safe zone” [46,47], as described first by Lewinnek et al. [48] due to abnormal spinopelvic motion from lumbar pathology. Spinopelvic abnormalities are documented in very high numbers (75% to 92%) of THAs that dislocate, even when other possible causes of instability are identified [49,50]. Furthermore, it is now well-documented that spinal fusion prior to THA increases dislocation rates [51,52,53,54]. Importantly, recently published evidence is suggestive that spinal fusion surgery is the single strongest predictor of hip instability, even when compared to Parkinson’s disease, dementia, and psychiatric illness [55]. A meta-analysis inclusive of six studies revealed a twofold increased risk of dislocation and a threefold increased risk for revision surgery in patients with spinal fusion [56]. It has also been reported that spinal fusion patients are seven times more prone to THA dislocation [57]. An even more recent large meta-analysis including 10 studies which compared THA patients with or without previous surgery for spinal fusion (28.396 versus 1,550,291 respectively) [58]. The authors concluded that hip dislocations are more common in spinal fusion THA patients, revisions for any etiology, and overall complications.



The question of which surgery should be performed first, the spinal or hip arthroplasty, is of great importance. Malkani et al. [59] reported that patients (28.668) who underwent THA with pre-existing lumbar spinal fusion were at higher risk for dislocation and subsequent revision compared to patients (13.632) who had first the THA and then the lumbar spinal fusion, a finding that was also recapitulated in another same-year study [60].



At the same time, spinal pathology is associated with worse PROs [56,61,62]. Extreme vigilance should be exercised to identify patients with pre-existing spinal pathology, and a thorough workup should take place so that valid and safe preoperative planning to be conducted. Nowadays, sitting and standing radiographs of the pelvis and lumbar spine are used as screening tools for the detection of abnormal spinopelvic mobility [63].



Haffer et al. [64] identified the following steps as essential in evaluating the THA spinopelvic considerations in THA:



Examine the patient’s medical history and perform a clinical examination that importantly includes the detection of a possible hip flexion contracture.



Detection of symptoms related to pelvic and spinal pathologies.



Identification of individuals at risk of stiffness and sagittal imbalance of the spine.



Appropriate imaging, including anteroposterior standing and lateral standing radiographs of the pelvis. Additionally, sitting radiographs from L1 to the proximal femur should be performed.



Classification of the patients according to the mobility of spinopelvic junction and sagittal plane spinal balance.



Appropriate positioning of the acetabular cup according to preoperative classification.



A low threshold of using dual mobility acetabular implants in a high-risk patient.



To conclude, spinopelvic mobility is a crucial parameter that should be taken into account with preoperative evaluation and planning. The predicted increase in the incidence of patients with osteoarthritis and spinal pathologies, the anticipated increased numbers of THA and spinal correction surgery [40,65], and the evidence from contemporary meta-analyses [56,58] highlight the fact that surgeons should plan to account for biomechanical changes in spinopelvic junction and subsequent modified acetabular cup positioning, with a scope to avoid dislocations. The identification of high-risk patients should proceed through a detailed medical history, a meticulous physical examination, and diligent preoperative planning. Appropriate classification of spinopelvic mobility should guide the optimal intraoperative cup positioning.




5. Fast-Track Protocols in THA


The ‘Fast-track’ surgery concept was introduced almost twenty-five years ago and is generally defined as the coordinated peri-operative approach aiming at reducing surgical stress and facilitating post-operative recovery [66]. Despite the fact that the introduction of fast-track protocols have been introduced in orthopedics, their clinical implementation has mostly been slow [67]. The recent experience from their implementation in THA surgery has shown decreased hospitalization time reduction in post-operative length of stay (LOS), a shorter recovery time, and fast functional recovery without associated increases in morbidity and mortality [68,69]. Fast-track THA surgery units have grown with a well-defined organizational set-up assigned to provide a speedy peri-operative journey for the patients [70]. However, the benefits of fast-track THA for each patient taking into account the unique and different comorbidities of each individual is yet to be defined.



There is a generally accepted consensus that fast-track protocols in THA reduce hospitalization time, morbidity, and recovery time, without increasing readmission or compromising patients’ safety [71,72,73]. It is imperative to understand that despite the fact that many patients can be discharged very early after surgery (0–2 days), they have not fully recovered. In addition, widespread implementation of fast-track protocols is still not embodied by many institutions, with the length of stay being still around 4–6 days [74].



Pre-operative optimization is critical for the success of a fast-track protocols, since several factors can convey risk to the procedure [69]. These factors include smoking, alcohol consumption, psychiatric disease, polypharmacy, anemia, high BMI, and low physical activity, all of which could possibly prolong the LOS in the hospital. Lately, the value of correction of preexisting anemia has been emphasized as decreased hospitalization time and re-admission rates have been documented when this is preoperatively corrected and when minimal blood loss is intraoperatively practiced [75]. The role of postoperative anemia in the context of fast-track protocols is yet to be clearly defined.



The decrease in LOS has also been more recently confirmed. A large study by Grosso et al. [76] documented a statistically significant decrease in LOS and rates of 30-day morbidity following THA between 2006 and 2016. At the same time, Petersen et al. [77] studied LOS and morbidity after THA at nine high-volume orthopedic institutions that were practicing well-established fast-track THA protocols. The authors reported a continuous decrease in LOS to a median of one day and lower morbidity after THA. Berg et al. [78] studied the effect of fast-track programs on PROs, studying data from Swedish Knee and Hip Arthroplasty Registers. Minor differences in PROs favoring fast-track THA were reported. Despite the fact that these differences may not be clinically significant, the authors concluded that there are indications for the equal performance of fast tracts and conventional postoperative protocols.



Only sparse evidence is available with regard to the implementation of fast-track surgery on revision hip arthroplasty. Joseph et al., using data from 126 revision THAs from a single center, reported improvement in in-hospital outcomes by the implementation of fast-track/enhanced recovery protocols [79]. In particular, the improvement reported was evident in better pain management, less blood transfusion, and early functional recovery. A very recent study examined 1.345 hip arthroplasty revisions from 6 different centers [80]. They found that median LOS decreased from 6 days in 2010 to 2 days in 2018. However, the 90-day readmission rate showed a fluctuating and increasing trend from 13% in 2010 to 28% in 2018. The latter was attributed to preoperative factors such as a walking aid, psychiatric disorders, age ≥ 80 years, cardiac or pulmonary disease, and BMI ≥ 35 kg/m2. These findings suggest that for high-risk patients, an extended fast-track protocol should be implemented. This protocol should focus on appropriate optimization before surgery, technically sound surgery to avoid the risk of dislocation, and sufficient postoperative monitoring.



In conclusion, fast-track THA surgery is a valid option for non-outlier patients. Future research should emphasize adjusting the multiple domains of fast-track pathways. For the outlier and those with significant comorbidities, a modified protocol should be designed and implemented. Although fast-track protocols for THA have been present and successful for more than a decade, quality assurance data with continuous outcome monitoring of the LOS, complications, and readmissions are limited. This stands true for a number of parameters such as evidence-based analgesic techniques, rehabilitation protocols, blood management, and optimized organizational pathways.




6. Summary


Despite the well-evidenced fact that contemporary THA is an extremely safe and effective surgical operation, open-burning questions still pertain to various different domains. New technology and device-assisted arthroplasty, such as robotic and navigation technologies, enable personalized surgical treatment, partly by using safe zones of cup positioning based on pre-operative evaluations of spinopelvic mobility. However, they have not yet translated into improved early reported functional outcomes and their long-term outcomes remain to be evaluated. Spinopelvic mobility is a parameter that has largely been underestimated before and has come into play in recent years, and its use in THA planning is currently being investigated through multifaceted research. A stiff spine is particularly associated with significantly high dislocation risk. Findings from recent meta-analyses [56,58] suggest that meticulous preoperative planning taking into account spinopelvic mobility changes should be exercised by hip arthroplasty. Diligent preoperative evaluations, including appropriate imaging, should be used to identify patients at risk. It is crucial for the surgeon to identify those patients who are at increased risk for dislocation after total hip arthroplasty and personalize the treatment for these patients. Radiographs of the pelvis at standing and sitting positions are essential to measuring all the radiographic parameters to detect spinopelvic pathology. The two main surgical modification useful to mediate the high dislocation risk in these patients is the tailored acetabular cup position and the use of modern dual mobility cups. Finally, fast-track THA surgery protocols, although already available for over a decade, seem to work well only in the standard THA patient. Pain management is of paramount importance in early mobilization after total hip arthroplasty in fast-track protocols. Future studies should emphasize patients with special needs and/or a high co-morbidity burden and explore how the fast-track protocol can be implemented in such populations. THA patients’ needs and characteristics should always be carefully assessed while providing post-operative care and support.







Author Contributions


Conceptualization, J.D.B. and T.H.T.; writing-original draft preparation L.M.; writing-review and editing J.D.B., N.A.B. and T.H.T. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Law, W.A. Post-operative study of vitallium mould arthroplasty of the hip joint. J. Bone Joint Surg. Br. 1948, 30B, 76–83. [Google Scholar] [CrossRef] [PubMed]

	



Smith-Petersen, M.N. The classic: Evolution of mould arthroplasty of the hip joint by M. N. Smith-Petersen, J. Bone Joint Surg. 30B:L:59, 1948. Clin. Orthop. Relat. Res. 1978, 134, 5–11. [Google Scholar]

	



Charnley, J. Anchorage of the femoral head prosthesis to the shaft of the femur. J. Bone Joint Surg. 1960, 42-B, 28–30. [Google Scholar] [CrossRef]

	



Charnley, J. ARTHROPLASTY OF THE HIP A New Operation. Lancet 1961, 277, 1129–1132. [Google Scholar] [CrossRef] [PubMed]

	



Shon, W.Y.; Park, B.-Y.; R, R.N.; Park, P.S.; Im, J.T.; Yun, H.H. Total Hip Arthroplasty: Past, Present, and Future. What Has Been Achieved? Hip Pelvis 2019, 31, 179–189. [Google Scholar] [CrossRef]

	



Learmonth, I.D.; Young, C.; Rorabeck, C. The operation of the century: Total hip replacement. Lancet 2007, 370, 1508–1519. [Google Scholar] [CrossRef]

	



Mart, J.-P.S.; Goh, E.L.; Shah, Z. Robotics in total hip arthroplasty: A review of the evolution, application and evidence base. EFORT Open Rev. 2020, 5, 866–873. [Google Scholar] [CrossRef]

	



Han, P.-F.; Chen, C.-L.; Zhang, Z.-L.; Han, Y.-C.; Wei, L.; Li, P.-C.; Wei, X.-C. Robotics-assisted versus conventional manual approaches for total hip arthroplasty: A systematic review and meta-analysis of comparative studies. Int. J. Med Robot. Comput Assist. Surg. 2019, 15, e1990. [Google Scholar] [CrossRef]

	



Brady, A.W.; Tatka, J.; Fagotti, L.; Kemler, B.R.; Fossum, B.W. Accuracy and Reliability of Software Navigation for Acetabular Component Placement in THA: An In Vitro Validation Study. Medicina 2022, 58, 663. [Google Scholar] [CrossRef]

	



Nakamura, N.; Sugano, N.; Nishii, T.; Kakimoto, A.; Miki, H. A Comparison between Robotic-assisted and Manual Implantation of Cementless Total Hip Arthroplasty. Clin. Orthop. Relat. Res. 2010, 468, 1072–1081. [Google Scholar] [CrossRef]

	



Nakamura, N.; Sugano, N.; Sakai, T.; Nakahara, I. Does Robotic Milling For Stem Implantation in Cementless THA Result in Improved Outcomes Scores or Survivorship Compared with Hand Rasping? Results of a Randomized Trial at 10 Years. Clin. Orthop. Relat. Res. 2018, 476, 2169–2173. [Google Scholar] [CrossRef]

	



Bargar, W.L.; Parise, C.A.; Hankins, A.; Marlen, N.A.; Campanelli, V.; Netravali, N.A. Fourteen Year Follow-Up of Randomized Clinical Trials of Active Robotic-Assisted Total Hip Arthroplasty. J. Arthroplast. 2018, 33, 810–814. [Google Scholar] [CrossRef] [PubMed]

	



Chen, X.; Xiong, J.; Wang, P.; Zhu, S.; Qi, W.; Peng, H.; Yu, L.; Qian, W. Robotic-assisted compared with conventional total hip arthroplasty: Systematic review and meta-analysis. Hear 2018, 94, 335–341. [Google Scholar] [CrossRef]

	



Domb, B.G.; Chen, J.W.; Lall, A.C.; Perets, I.; Maldonado, D.R. Minimum 5-Year Outcomes of Robotic-assisted Primary Total Hip Arthroplasty With a Nested Comparison Against Manual Primary Total Hip Arthroplasty: A Propensity Score–Matched Study. J. Am. Acad. Orthop. Surg. 2020, 28, 847–856. [Google Scholar] [CrossRef] [PubMed]

	



Bukowski, B.R.; Anderson, P.; Khlopas, A.; Chughtai, M.; A Mont, M.; Illgen, R.I.L. Improved Functional Outcomes with Robotic Compared with Manual Total Hip Arthroplasty. Surg. Technol. Online 2016, 29, 303–308. [Google Scholar]

	



Kort, N.; Stirling, P.; Pilot, P.; Müller, J.H. Clinical and surgical outcomes of robot-assisted versus conventional total hip arthroplasty: A systematic overview of meta-analyses. EFORT Open Rev. 2021, 6, 1157–1165. [Google Scholar] [CrossRef]

	



Shaw, J.H.; Rahman, T.M.; Wesemann, L.D.; Jiang, C.Z.; Lindsay-Rivera, K.G.; Davis, J.J. Comparison of Postoperative Instability and Acetabular Cup Positioning in Robotic-Assisted Versus Traditional Total Hip Arthroplasty. J. Arthroplast. 2022, 37, S881–S889. [Google Scholar] [CrossRef]

	



Guo, D.; Li, X.; Ma, S.; Zhao, Y.; Qi, C.; Xue, Y. Total Hip Arthroplasty with Robotic Arm Assistance for Precise Cup Positioning: A Case-Control Study. Orthop. Surg. 2022, 14, 1498–1505. [Google Scholar] [CrossRef] [PubMed]

	



Fontalis, A.; Kayani, B.; Thompson, J.W.; Plastow, R.; Haddad, F.S. Robotic total hip arthroplasty: Past, present and future. Orthop. Trauma 2022, 36, 6–13. [Google Scholar] [CrossRef]

	



Kayani, B.; Konan, S.; Ayuob, A.; Ayyad, S.; Haddad, F.S. The current role of robotics in total hip arthroplasty. EFORT Open Rev. 2019, 4, 618–625. [Google Scholar] [CrossRef]

	



Caldora, P.; D’Urso, A.; Banchetti, R.; Arniani, S.; Colcelli, D.; Ciampalini, L.; Guastafierro, P.; Lup, D. Blood transfusion, hospital stay and learning curve in robotic assisted total hip arthroplasty. J. Biol. Regul. Homeost Agents 2020, 34 (Suppl. 3), 37–49, Congress of the Italian Orthopaedic Research Society. [Google Scholar] [PubMed]

	



Remily, E.A.; Nabet, A.; Sax, O.C.; Douglas, S.J.; Pervaiz, S.S.; Delanois, R.E. Impact of Robotic Assisted Surgery on Outcomes in Total Hip Arthroplasty. Arthroplast. Today 2021, 9, 46–49. [Google Scholar] [CrossRef] [PubMed]

	



Kelley, T.C.; Swank, M.L. Role of Navigation in Total Hip Arthroplasty. J. Bone Joint. Surg Am. 2009, 91 (Suppl. 1), 153–158. [Google Scholar] [CrossRef] [PubMed]

	



Kurmis, A.P. Advanced, Imageless Navigation in Contemporary THA: Optimising Acetabular Component Placement. In Arthroplasty—Advanced Techniques and Future Perspectives; IntechOpen: London, UK, 2022. [Google Scholar] [CrossRef]

	



Zurmühle, C.A.; Zickmantel, B.; Christen, M.; Christen, B.; Zheng, G.; Schwab, J.M.; Tannast, M.; Steppacher, S.D. Image-Less THA Cup Navigation in Clinical Routine Setup: Individual Adjustments, Accuracy, Precision, and Robustness. Med. Kauicinas Lith. 2022, 58, 832. [Google Scholar] [CrossRef] [PubMed]

	



Gandhi, R.; Marchie, A.; Farrokhyar, F.; Mahomed, N. Computer navigation in total hip replacement: A meta-analysis. Int. Orthop. 2009, 33, 593–597. [Google Scholar] [CrossRef] [PubMed]

	



Lass, R.; Kubista, B.; Olischar, B.; Frantal, S.; Windhager, R.; Giurea, A. Total Hip Arthroplasty Using Imageless Computer-Assisted Hip Navigation: A prospective randomized study. J. Arthroplast. 2014, 29, 786–791. [Google Scholar] [CrossRef]

	



Lass, R.; Olischar, B.; Kubista, B.; Waldhoer, T.; Giurea, A.; Windhager, R. Total Hip Arthroplasty Using Imageless Computer-Assisted Navigation—2-Year Follow-Up of a Prospective Randomized Study. J. Clin. Med. 2020, 9, 1620. [Google Scholar] [CrossRef]

	



Snijders, T.; Van Gaalen, S.; De Gast, A. Precision and accuracy of imageless navigation versus freehand implantation of total hip arthroplasty: A systematic review and meta-analysis. Int. J. Med Robot. Comput. Assist. Surg. 2017, 13, e1843. [Google Scholar] [CrossRef]

	



Maillot, C.; Harman, C.; Villet, L.; Cobb, J.; Rivière, C. Modern cup alignment techniques in total hip arthroplasty: A systematic review. Orthop. Traumatol. Surg. Res. 2019, 105, 907–913. [Google Scholar] [CrossRef]

	



Migliorini, F.; Cuozzo, F.; Oliva, F.; Eschweiler, J.; Hildebrand, F.; Maffulli, N. Imageless navigation for primary total hip arthroplasty: A meta-analysis study. J. Orthop. Traumatol. Off. J. Ital. Soc. Orthop. Traumatol. 2022, 23, 1–11. [Google Scholar] [CrossRef]

	



Singh, V.; Realyvasquez, J.; Simcox, T.; Rozell, J.C.; Schwarzkopf, R.; Davidovitch, R.I. Robotics Versus Navigation Versus Conventional Total Hip Arthroplasty: Does the Use of Technology Yield Superior Outcomes? J. Arthroplast. 2021, 36, 2801–2807. [Google Scholar] [CrossRef] [PubMed]

	



Sweet, M.C.; Borrelli, G.J.; Manawar, S.S.; Miladore, N. Comparison of Outcomes After Robotic-Assisted or Conventional Total Hip Arthroplasty at a Minimum 2-Year Follow-up: A Systematic Review. JBJS Rev. 2021, 9. [Google Scholar] [CrossRef]

	



Ogilvie, A.; Kim, W.J.; Asirvatham, R.D.; Fontalis, A.; Putzeys, P.; Haddad, F.S. Robotic-Arm-Assisted Total Hip Arthroplasty: A Review of the Workflow, Outcomes and Its Role in Addressing the Challenge of Spinopelvic Imbalance. Medicina 2022, 58, 1616. [Google Scholar] [CrossRef] [PubMed]

	



Lum, Z.C.; Coury, J.G.; Cohen, J.L.; Dorr, L.D. The Current Knowledge on Spinopelvic Mobility. J. Arthroplast. 2018, 33, 291–296. [Google Scholar] [CrossRef]

	



Eddine, T.A.; Migaud, H.; Chantelot, C.; Cotten, A.; Fontaine, C.; Duquennoy, A. Variations of pelvic anteversion in the lying and standing positions analysis of 24 control subjects and implications for CT measurement of position of a prosthetic cup. Surg. Radiol. Anat. 2001, 23, 105–110. [Google Scholar] [CrossRef]

	



Phan, D.; Bederman, S.S.; Schwarzkopf, R. The influence of sagittal spinal deformity on anteversion of the acetabular component in total hip arthroplasty. Bone Jt. J. 2015, 97-B, 1017–1023. [Google Scholar] [CrossRef]

	



Esposito, C.I.; Miller, T.T.; Kim, H.J.; Barlow, B.T.; Wright, T.M.; Padgett, D.E.; Jerabek, S.A.; Mayman, D.J. Does Degenerative Lumbar Spine Disease Influence Femoroacetabular Flexion in Patients Undergoing Total Hip Arthroplasty? Clin. Orthop. Relat. Res. 2016, 474, 1788–1797. [Google Scholar] [CrossRef]

	



Malkani, A.L.; Garber, A.T.; Ong, K.L.; Dimar, J.R.; Baykal, D.; Glassman, S.D.; Cochran, A.R.; Berry, D.J. Total Hip Arthroplasty in Patients With Previous Lumbar Fusion Surgery: Are There More Dislocations and Revisions? J. Arthroplast. 2018, 33, 1189–1193. [Google Scholar] [CrossRef]

	



Rajaee, S.S.; Bae, H.W.; Kanim, L.E.; Delamarter, R.B. Spinal Fusion in the United States: Analysis of trends from 1998 to 2008. Spine 2012, 37, 67–76. [Google Scholar] [CrossRef]

	



Buckland, A.J.; Vigdorchik, J.; Schwab, F.J.; Errico, T.; Lafage, R.; Ames, C.; Bess, S.; Smith, J.; Mundis, G.M.; Lafage, V. Acetabular Anteversion Changes Due to Spinal Deformity Correction: Bridging the Gap Between Hip and Spine Surgeons. J. Bone Joint. Surg. Am. 2015, 97, 1913–1920. [Google Scholar] [CrossRef] [PubMed]

	



Barrey, C.; Roussouly, P.; Le Huec, J.-C.; D’Acunzi, G.; Perrin, G. Compensatory mechanisms contributing to keep the sagittal balance of the spine. Eur. Spine J. 2013, 22 (Suppl. 6), s834–s841. [Google Scholar] [CrossRef] [PubMed]

	



Ochi, H.; Baba, T.; Homma, Y.; Matsumoto, M.; Nojiri, H.; Kaneko, K. Importance of the spinopelvic factors on the pelvic inclination from standing to sitting before total hip arthroplasty. Eur. Spine J. 2016, 25, 3699–3706. [Google Scholar] [CrossRef] [PubMed]

	



Eftekhary, N.; Shimmin, A.; Lazennec, J.Y.; Buckland, A.; Schwarzkopf, R.; Dorr, L.D.; Mayman, D.; Padgett, D.; Vigdorchik, J. A systematic approach to the hip-spine relationship and its applications to total hip arthroplasty. Bone Jt. J. 2019, 101-B, 808–816. [Google Scholar] [CrossRef] [PubMed]

	



Bozic, K.J.; Kurtz, S.M.; Lau, E.; Ong, K.; Vail, T.P.; Berry, D.J. The Epidemiology of Revision Total Hip Arthroplasty in the United States. J. Bone Joint Surg Am. 2009, 91, 128–133. [Google Scholar] [CrossRef]

	



Abdel, M.P.; von Roth, P.; Jennings, M.T.; Hanssen, A.D.; Pagnano, M.W. What Safe Zone? The Vast Majority of Dislocated THAs Are Within the Lewinnek Safe Zone for Acetabular Component Position. Clin. Orthop. Relat. Res. 2016, 474, 386–391. [Google Scholar] [CrossRef]

	



Esposito, C.I.; Gladnick, B.P.; Lee, Y.-Y.; Lyman, S.; Wright, T.M.; Mayman, D.J.; Padgett, D.E. Cup Position Alone Does Not Predict Risk of Dislocation After Hip Arthroplasty. J. Arthroplast. 2015, 30, 109–113. [Google Scholar] [CrossRef]

	



Lewinnek, G.E.; Lewis, J.L.; Tarr, R.; Compere, C.L.; Zimmerman, J.R. Dislocations after total hip-replacement arthroplasties. J. Bone Jt. Surg.-Am. Vol. 1978, 60, 217–220. [Google Scholar] [CrossRef]

	



Heckmann, N.; McKnight, B.; Stefl, M.; Trasolini, N.A.; Ike, H.; Dorr, L.D. Late Dislocation Following Total Hip Arthroplasty: Spinopelvic Imbalance as a Causative Factor. J. Bone Jt. Surg. 2018, 100, 1845–1853. [Google Scholar] [CrossRef]

	



Vigdorchik, J.; Eftekhary, N.; Elbuluk, A.; Abdel, M.P.; Buckland, A.; Schwarzkopf, R.S.; Jerabek, S.A.; Mayman, D.J. Evaluation of the spine is critical in the workup of recurrent instability after total hip arthroplasty. Bone Jt. J. 2019, 101-B, 817–823. [Google Scholar] [CrossRef]

	



Bedard, N.A.; Martin, C.T.; Slaven, S.E.; Pugely, A.J.; Mendoza-Lattes, S.A.; Callaghan, J.J. Abnormally High Dislocation Rates of Total Hip Arthroplasty After Spinal Deformity Surgery. J. Arthroplast. 2016, 31, 2884–2885. [Google Scholar] [CrossRef]

	



Buckland, A.J.; Puvanesarajah, V.; Vigdorchik, J.; Schwarzkopf, R.; Jain, A.; Klineberg, E.O.; Hart, R.A.; Callaghan, J.J.; Hassanzadeh, H. Dislocation of a primary total hip arthroplasty is more common in patients with a lumbar spinal fusion. Bone Jt. J. 2017, 99-B, 585–591. [Google Scholar] [CrossRef] [PubMed]

	



Loh, J.L.M.; Jiang, L.; Chong, H.C.; Yeo, S.J.; Lo, N.N. Effect of Spinal Fusion Surgery on Total Hip Arthroplasty Outcomes: A Matched Comparison Study. J. Arthroplast. 2017, 32, 2457–2461. [Google Scholar] [CrossRef] [PubMed]

	



Sing, D.C.; Barry, J.J.; Aguilar, T.U.; Theologis, A.A.; Patterson, J.T.; Tay, B.K.; Vail, T.P.; Hansen, E.N. Prior Lumbar Spinal Arthrodesis Increases Risk of Prosthetic-Related Complication in Total Hip Arthroplasty. J. Arthroplast. 2016, 31, 227–232.e1. [Google Scholar] [CrossRef]

	



Gausden, E.B.; Parhar, H.S.; Popper, J.E.; Sculco, P.K.; Rush, B.N. Risk Factors for Early Dislocation Following Primary Elective Total Hip Arthroplasty. J. Arthroplast. 2018, 33, 1567–1571.e2. [Google Scholar] [CrossRef]

	



An, V.V.; Phan, K.; Sivakumar, B.S.; Mobbs, R.J.; Bruce, W.J. Prior Lumbar Spinal Fusion is Associated With an Increased Risk of Dislocation and Revision in Total Hip Arthroplasty: A Meta-Analysis. J. Arthroplast. 2018, 33, 297–300. [Google Scholar] [CrossRef]

	



Perfetti, D.C.; Schwarzkopf, R.; Buckland, A.; Paulino, C.B.; Vigdorchik, J. Prosthetic Dislocation and Revision After Primary Total Hip Arthroplasty in Lumbar Fusion Patients: A Propensity Score Matched-Pair Analysis. J. Arthroplast. 2017, 32, 1635–1640.e1. [Google Scholar] [CrossRef] [PubMed]

	



Onggo, J.R.; Nambiar, M.; Onggo, J.D.; Phan, K.; Ambikaipalan, A.; Babazadeh, S.; Hau, R. Clinical outcomes and complication profile of total hip arthroplasty after lumbar spine fusion: A meta-analysis and systematic review. Eur. Spine J. 2019, 29, 282–294. [Google Scholar] [CrossRef] [PubMed]

	



Malkani, A.L.; Himschoot, K.J.; Ong, K.L.; Lau, E.C.; Baykal, D.; Dimar, J.R.; Glassman, S.D.; Berry, D.J. Does Timing of Primary Total Hip Arthroplasty Prior to or After Lumbar Spine Fusion Have an Effect on Dislocation and Revision Rates? J. Arthroplast. 2019, 34, 907–911. [Google Scholar] [CrossRef]

	



Bala, A.; Chona, D.V.; Amanatullah, D.F.; Hu, S.S.; Wood, K.B.; Alamin, T.F.; Cheng, I. Timing of Lumbar Spinal Fusion Affects Total Hip Arthroplasty Outcomes. JAAOS Glob. Res. Rev. 2019, 3, e00133. [Google Scholar] [CrossRef] [PubMed]

	



Grammatopoulos, G.; Gofton, W.; Jibri, Z.; Coyle, M.; Dobransky, J.; Kreviazuk, C.; Kim, P.R.; Beaulé, P.E. 2018 Frank Stinchfield Award: Spinopelvic Hypermobility Is Associated With an Inferior Outcome After THA: Examining the Effect of Spinal Arthrodesis. Clin. Orthop. Relat. Res. 2018, 477, 310–321. [Google Scholar] [CrossRef] [PubMed]

	



Heckmann, N.D.; Lieberman, J.R. Spinopelvic Biomechanics and Total Hip Arthroplasty: A Primer for Clinical Practice. J. Am. Acad. Orthop. Surg. 2021, 29, e888–e903. [Google Scholar] [CrossRef]

	



Innmann, M.M.; Merle, C.; Gotterbarm, T.; Ewerbeck, V.; Beaulé, P.E.; Grammatopoulos, G. Can spinopelvic mobility be predicted in patients awaiting total hip arthroplasty? A prospective, diagnostic study of patients with end-stage hip osteoarthritis. Bone Jt. J. 2019, 101-B, 902–909. [Google Scholar] [CrossRef] [PubMed]

	



Haffer, H.; Amini, D.A.; Perka, C.; Pumberger, M. The Impact of Spinopelvic Mobility on Arthroplasty: Implications for Hip and Spine Surgeons. J. Clin. Med. 2020, 9, 2569. [Google Scholar] [CrossRef] [PubMed]

	



Kurtz, S.; Ong, K.; Lau, E.; Mowat, F.; Halpern, M. Projections of Primary and Revision Hip and Knee Arthroplasty in the United States from 2005 to 2030. J. Bone Joint Surg. Am. 2007, 89, 780–785. [Google Scholar] [CrossRef] [PubMed]

	



Kehlet, H. Multimodal approach to control postoperative pathophysiology and rehabilitation. Br. J. Anaesth. 1997, 78, 606–617. [Google Scholar] [CrossRef]

	



Kehlet, H. Fast-track hip and knee arthroplasty. Lancet 2013, 381, 1600–1602. [Google Scholar] [CrossRef]

	



Hansen, T.B.; Bredtoft, H.K.; Larsen, K. Preoperative physical optimization in fast-track hip and knee arthroplasty. Dan. Med J. 2012, 59, A4381. [Google Scholar] [PubMed]

	



Hansen, T.B. Fast track in hip arthroplasty. EFORT Open Rev. 2017, 2, 179–188. [Google Scholar] [CrossRef]

	



Husted, H.; Solgaard, S.; Hansen, T.B.; Søballe, K.; Kehlet, H. Care principles at four fast-track arthroplasty departments in Denmark. Dan. Med Bull. 2010, 57, A4166. [Google Scholar]

	



Berg, U.; Bülow, E.; Sundberg, M.; Rolfson, O. No increase in readmissions or adverse events after implementation of fast-track program in total hip and knee replacement at 8 Swedish hospitals: An observational before-and-after study of 14,148 total joint replacements 2011–2015. Acta Orthop. 2018, 89, 522–527. [Google Scholar] [CrossRef]

	



Khan, S.K.; Malviya, A.; Muller, S.D.; Carluke, I.; Partington, P.F.; Emmerson, K.P.; Reed, M.R. Reduced short-term complications and mortality following Enhanced Recovery primary hip and knee arthroplasty: Results from 6000 consecutive procedures. Acta Orthop. 2014, 85, 26–31. [Google Scholar] [CrossRef] [PubMed]

	



Petersen, P.B.; Kehlet, H.; Jørgensen, C.C.; on behalf of the Lundbeck Foundation Center for Fast-track Hip and Knee Replacement Collaborative Group. Myocardial infarction following fast-track total hip and knee arthroplasty—Incidence, time course, and risk factors: A prospective cohort study of 24,862 procedures. Acta Orthop. 2018, 89, 603–609. [Google Scholar] [CrossRef]

	



Wainwright, T.W.; Kehlet, H. Fast-track hip and knee arthroplasty—Have we reached the goal? Acta Orthop. 2019, 90, 3–5. [Google Scholar] [CrossRef] [PubMed]

	



Muñoz, M.; Acheson, A.G.; Auerbach, M.; Besser, M.; Habler, O.; Kehlet, H.; Liumbruno, G.M.; Lasocki, S.; Meybohm, P.; Baikady, R.R.; et al. International consensus statement on the peri-operative management of anaemia and iron deficiency. Anaesthesia 2017, 72, 233–247. [Google Scholar] [CrossRef]

	



Grosso, M.J.; Neuwirth, A.L.; Boddapati, V.; Shah, R.P.; Cooper, H.J.; Geller, J.A. Decreasing Length of Hospital Stay and Postoperative Complications After Primary Total Hip Arthroplasty: A Decade Analysis From 2006 to 2016. J. Arthroplast. 2019, 34, 422–425. [Google Scholar] [CrossRef]

	



Petersen, P.B.; Kehlet, H.; Jørgensen, C.C.; Madsen, F.; Hansen, T.B.; Gromov, K.; Laursen, M.; Hansen, L.T.; Kjærsgaard-Andersen, P.; Solgaard, S.; et al. Improvement in fast-track hip and knee arthroplasty: A prospective multicentre study of 36,935 procedures from 2010 to 2017. Sci. Rep. 2020, 10, 1–9. [Google Scholar] [CrossRef]

	



Berg, U.; W-Dahl, A.; Rolfson, O.; Nauclér, E.; Sundberg, M.; Nilsdotter, A. Influence of fast-track programs on patient-reported outcomes in total hip and knee replacement (THR/TKR) at Swedish hospitals 2011–2015: An observational study including 51,169 THR and 8,393 TKR operations. Acta Orthop. 2020, 91, 306–312. [Google Scholar] [CrossRef]

	



Joseph, Z.; Calvert, N.; Salmon, M.; Harper, M.; Swann, A.; Tan, R.; Blades, K.; Yates, P. Enhanced recovery principles applied to revision hip and knee arthroplasty leads to better patient outcomes. J. Orthop. 2020, 22, 543–547. [Google Scholar] [CrossRef] [PubMed]

	



Lindberg-Larsen, M.; Petersen, P.B.; Corap, Y.; Gromov, K.; Jørgensen, C.C.; Kehlet, H.; Centre for Fast-track Hip and Knee Replacement Collaborative Group. Fast-track revision hip arthroplasty: A multicenter cohort study on 1345 elective aseptic major component revision hip arthroplasties. Acta Orthop. 2022, 93, 341–347. [Google Scholar] [CrossRef]








[image: Medicina 59 00655 g001 550] 





Figure 1. A summary of the major benefits and drawbacks of contemporary technologies used in THA. 
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