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Abstract

:

Hip arthroplasty procedures are successful and reproducible. However, within the first two post-operative years, hip dislocations are the most common cause for revisions. This is despite the majority of the dislocations having the acetabular component within what is described as the ‘safe zone’. The limitations of such boundaries do not take into account the variability of individual hip anatomy and functional pelvic orientation that exist. An alternative concept to address hip instability and improve overall outcomes is functional acetabular orientation. In this review article, we discuss the evolution of concepts, particularly the kinematic alignment technique for hip arthroplasty and the use of large-diameter heads to understand why total hip arthroplasty dislocations occur and how to prevent them.
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1. Introduction


The hip joint constitutes an intricate relationship between anatomy and biomechanics. It is this relationship that enables stable movements. Despite the complexity of attempting to reproduce native hip function, total hip arthroplasty (THA) is one of the most successful and reproducible procedures in orthopaedic surgery. The foundation for this success is multifactorial. Hip arthroplasty has become less invasive, implants are now more resistant to wear and loosening, and peri-operative management is increasingly more focused on patient optimization [1,2].



In this review article, we evaluate the history of acetabular cup placement in relation to hip dislocation. We introduce the concepts that underpin personalized hip arthroplasty from both the kinematic alignment technique and the use of more forgiving implants such as large-diameter bearings. The scope of this article is not to focus on the multivariant causes that can lead to hip dislocation; the scope focuses on the role of functional acetabular orientation in relation to the spinopelvic parameters that when better understood can influence acetabular cup placement in addition to cup design selection. Literature databases were searched between 31 January 2005 and 30 November 2022. The primary search was conducted using the electronic databases MEDLINE, EMBASE, PubMed, and Google Scholar. The following inclusion criteria were applied to the primary search: publications in English in peer-reviewed journal reports on clinical outcomes, all hip pathologies were included, and no restriction to the type of study. The exclusion criteria applied included: non-English publications. A secondary search was conducted using review articles and Google Scholar.



The UK National Joint Registry (NJR) substantiates the ongoing success of primary THA. The data illustrates a decline in revision rates for THA between 2008 and 2020. The declining trend in the rate of revisions is a success story; however, revisions due to dislocations continue to challenge further improvements in outcomes. For a primary THA performed in 2010, the 10-year revision rate is 3.7% (95% CI 3.5–3.8%) [3]. Dargel et al. state that dislocations following a primary THA vary annually between 0.2% and 10%; 2% of dislocations occur within the first 2 years [4]. Other studies suggest a variable range of up to 5% of primary THA results in dislocation [5,6,7,8,9]. Within the first two post-operative years, dislocations are the most common cause of revision surgery [10]; 50% of dislocations occur within the first 3 months of the index procedure, and more than 75% occur within the first year [11].



Some hip surgeons have pivoted increasingly towards personalized hip arthroplasty to address the complications associated with conventional primary THA. However, personalized hip arthroplasty is not one single technique, and there are a number of proposals to address the challenges of reducing complication rates while optimizing clinical outcomes (function, perception, and longevity). Personalized hip replacement, among other aspects, involves the individualization of components’ position/orientation, trying to match each patient’s specific hip anatomy and lumbopelvic kinematics (publicized as the kinematic alignment (KA) technique), and utilization of more anatomical/forgiving implants: large-diameter bearing, fixed (LDH) or with dual mobility (DM).



It is the KA technique that is primarily focused on functional acetabular orientation to optimize cup position and accommodate the natural and pathologic variations in the hip joint. The two key pillars of the KA technique are the restoration of the native hip anatomy (unless abnormal) and cup design selection and adjustment of its orientation (functional cup positioning) which depends on the individual spine–hip relationship. KA technique is one of the concepts that is driving the evolution of THA. This manuscript aims to review these concepts, among others, to prevent hip instability and provide patients with an unrestricted hip range of motion after their hip replacement.




2. Traditional Concepts


The Safe Zone Concept and Dislocations: The Rationale for Change


Maintaining hip stability and restoring normal joint biomechanics in THA is a balance between the positioning of implants and the resultant soft tissue tension. For decades, there has been a focus on implant position within a determined safe zone. The Lewinnek’s safe zone is considered to be an acetabular cup inclination of 40° ± 10° and an acetabular anteversion of 15° ± 10° [12]. However, current evidence suggests that even in implants positioned within this safe zone, dislocations still occur [13,14]. A study by Abdel et al. analysed 9784 primary THAs and concluded that the majority of dislocations were in hips within those target values [11]. Such boundaries do not take into account the variability of individual hip anatomy and pelvic orientation that exist. An alternative concept to address hip instability and improve overall outcomes is functional acetabular orientation.



Functional acetabular orientation is determined by the relationship between the lumbar spine position and the pelvic position (orientation of the acetabulum) [15]. This concept offers an explanation as to why some patients with standard cup orientation dislocate, whilst others with abnormal cup orientation do not [16]. A clinical example of spinopelvic-driven pathology is the higher dislocation rate after THA in patients with adult spinal stiffness, than in healthy controls (8% vs. 1.5%) [17,18,19,20,21,22].





3. Evolution of Concepts: Spinopelvic Parameters


Hip-Spine Alignment: The Spinopelvic Parameters and the KA Technique


The KA technique for THA is a meticulously planned approach. Medical history taking and clinical examination are the initial steps of identifying hip and spine conditions that may be associated with hip osteoarthritis (OA). This is followed by radiological imaging (standard radiographs or EOS) that include supine and standing anteroposterior (AP) pelvic views. The supine AP pelvis is the gold standard for estimating frontal hip anatomy and leg length. The standing AP allows a review of the functional position—pelvic obliquity (secondary to spinal deformity or leg-length discrepancy) and acetabular orientation. Both the supine/standing AP images allow the evaluation of functional positions. A cross-table lateral radiograph with the patient in the supine position with the leg internally rotated at 15° completes the imaging by delivering an estimate of the functional combined anteversion in the supine position [23].



Radiographs for the KA technique (lateral images) were taken in the standing and deep sitting positions (with back in flexion) to better estimate the flexibility of the lumbar spine. These are used to assess the spinopelvic parameters (Figure 1) that are divided into:




	(1)

	
Positional parameters, such as sacral slope (SS) (Figure 1), pelvic tilt (PT) (Figure 2), pelvic-femoral angle (PFA), and lumbar lordosis (LL).




	(2)

	
The anatomical/morphological parameter is the pelvic incidence (PI) (Figure 3).









The interaction between these spinopelvic parameters determines the movement between the spine and the hip in the sagittal plane. Pelvic incidence (range of 35° to 85°) is a constant that does not change with posture, movement, or time; it is the sum of SS and PT. A greater lumbar lordosis is reflected by a larger PI, whereas a flat back is reflected by a smaller PI. The PI ultimately reflects the ability of the individual to compensate for sagittal imbalance through pelvic retroversion [24,25].



The pelvic tilt is a guide to the orientation of the pelvis. Changing from a standing to a sitting position results in more pelvic retroversion (the favoured motion when sitting) which is illustrated by an increasing PT (20° to 45°). The sacral slope is a reflection of the position of the lumbar spine. Sitting from a standing position results in a decrease in SS (40° to 15°).



The PFA can be used to measure the position of the femur relative to the pelvis when standing (180°) and sitting (125°). This along with the lumbar lordosis is key to calculating overall spinopelvic movement (sagittal flexion arc, SLA) and hence determining if the spinopelvic movement is within a normal range, or if most of the patient’s spinopelvic movement comes from either the hip (hip user) or spine (spine user). For the KA technique, aided by the EOS imaging system, the key parameters used are the sagittal vertical axis (distance from the plumb line from the centre of the C7 (C7PL) to the posterior edge of the upper sacral endplate surface), PI, and change in LL (standing to sitting) [15].





4. Clinical Application of Spinopelvic Parameters


4.1. Practical Application of Spinopelvic Parameters: Hip Users vs. Spine Users


Moving from a standing to a sitting position combines three movements in the lumbopelvic complex (LPC); this includes hip flexion, a reduction in lumbar lordosis (decrease in LL), and a posterior tilt (retroversion, increase in PT) of the pelvis [24,26]. Retroversion of the pelvis is a roll-back mechanism, which allows a change of position that prevents impingement of the femoral neck against the anterosuperior rim of the acetabulum. A reduced pelvic roll-back in the sitting position requires a compensatory increase in femoral flexion to allow sitting. This deficit in retroversion results in reduced coverage of the femoral head posteriorly. In a prosthetic hip, this leads to an increased risk of anterior impingement and posterior dislocation [26,27].



Spinopelvic movements are the difference between the standing and sitting positions for each of the spinopelvic parameters. The sagittal flexion arc (SFA) (the whole spinopelvic movement) is the sum of ∆LL and ∆pelvic femoral angle (PFA). The hip user index is a percentage that illustrates sagittal hip flexion relative to the overall SFA when moving from the standing to the sitting position [28,29]:



Hip user index = ΔPFA/SFA × 100% [29].



A high hip user index (>80%) indicates a greater contribution of hip movement to the overall sagittal movement. Likewise, in a low hip user index (spine user), the compensatory movement to sit down takes place in the lumbar spine. Any pathology that affects the hip range of motion could increase the risk of impingement, dislocation, and edge loading in patients with THA [29,30].



4.1.1. Spinopelvic Pathology Overview


A normal spine–hip relationship is the co-existence of a flexible lumbopelvic complex and flexible hips. If either of these is stiff, a compensatory mechanism is required by the other. This is defined as a spine-hip syndrome (SHS) or hip-spine syndrome (HSS), depending on whether the primary pathological structure is the spine or the hip, respectively [31,32].




4.1.2. Spine-Hip Syndrome (Figure 2)


In degenerative spines, there is a loss of lumbar lordosis. This results in a pelvic retroversion. The patient often compensates for this by extending the hips. Over time this fails, and the patient hyperextends their neck to keep a horizontal sightline. These patients are at risk of under-coverage of the femoral head anteriorly and posterior impingement. When these patients undergo THA, they are at risk of complications such as anterosuperior edge loading/posterior prosthetic impingement, and anterior instability of the prosthesis when standing [33].



In patients with muscle imbalance, there is often not enough retroversion when sitting. This results in abnormal functional acetabular orientation in the sitting position causing an over-coverage of the femoral head and anterior impingement. This can lead to osteoarthritis in the native hip and posterior instability/posterior edge loading in THAs. The diagnosis is made on lateral imaging showing <10 degrees change in pelvic retroversion between standing and deep sitting. A small PI of <35 degrees can increase the risk of edge loading and instability. As a general rule, these patients are constitutionally hip users. A large PI results in less hip movement (low hip users or spine users) [33].





4.2. Hip-Spine Syndrome


Hip osteoarthritis makes the hip stiffer. The lumbopelvic complex will compensate for the reduced hip movement by increasing lumbar lordosis. This eventually results in degeneration in the spine which results in chronic back pain [33].



The Bordeaux classification of the spine–hip relationship (Figure 3), devised by Rivière et al. in 2017 [16,34], is currently the most complete and comprehensive classification system. It describes the relationship between the hips and the spine and allows for the categorizing of the risk of primary THA impingement or dislocation [35].



There are three broad risk categories in the simplified Bordeaux classification:



A (low-risk);



Idiopathic B and C (moderate risk);



D (high risk).



Category A (in lumbopelvic complex type 1 (PI < 40°) or type 2 (PI > 40°)) refers to a healthy lumbopelvic complex with >10° of retroversion when the patient is sitting. In category B, there is a stiffer lumbopelvic complex with <10° of retroversion when the patient is sitting, but the standing posture is normal; these patients have an increased risk of posterior edge loading, anterior impingement, and posterior dislocation when sitting or squatting. Categories C and D represent degenerative spinal changes in which there is both a stiffer lumbopelvic complex and a constant pelvic retroversion when the patient is standing while sagittally balanced (C, compensated) or imbalanced (D, decompensation) [15]. From a practical perspective, there are two primary pathological outcomes to be aware of when performing a THA. The pelvis does not retrovert enough on sitting (Larry Dorr’s stuck standing) and the pelvis is in a chronically retroverted position on standing (Larry Dorr’s stuck sitting). In both cases, they affect the acetabular orientation in sitting (type 1) and standing (type 2).





5. Operative Planning


5.1. Impact of Spinopelvic Parameters on Pre-Operative Planning: Implant Position and Implant Choice


Inadequate congruency between articulating implant surfaces in THA can lead to edge loading. An abnormal hip–spine relationship increases the risk of edge loading. While anterosuperior edge loading can occur in extension, posterior edge loading can occur in flexion. By factoring in functional acetabular orientation, the risk of edge loading can be minimized [36].



The KA alignment technique for THA allows for targeted orientation of the acetabular component. It is a patient-specific approach that factors both constitutional acetabular anatomy (for version) and pelvic kinematics. The KA-THA technique builds on the work by Legaye et al. [36,37]. While the technique can be performed using manual instrumentation, intra-operative precision tools (robotic/navigation systems or patient-specific instruments) may be of value to assist in achieving the target placement.



Determining cup adjustment is a core feature of the KA technique as it is the kinematic cup adjustment that aids in compensating for any abnormal spine–hip relationship (SHR). Planning a radiographic cup inclination below 45° is required to reduce superior edge loading when standing. KA-THA cup anteversion is based on the transverse acetabular ligament (TAL) orientation, not the anterior pelvic plane. The adjustment to cup orientation is required when more forgiving implants (LDH) cannot sufficiently compensate for poor functional acetabular orientation; as the risk increases in the Bordeaux category, this need for adjustment increases [15]. The practical application of cup adjustments is based on observational data. The average posterior tilt change from standing to sitting is 20° [38,39]. Every 10° of pelvic tilt is associated with a 3° inclination and 7° anteversion in cup orientation [40]. Defining the SHR starts with a clinical examination. If there is evidence of a fixed flexion deformity in the hip (Thomas test), this is suggestive of a significant sagittal imbalance (SHR D—high risk of dislocation). If there is no evidence of a sagittal imbalance, a standing lateral lumbopelvic radiograph is performed. Here, if there is a PI-LL mismatch, the patient is SHR C. If there is no PI-LL mismatch, then a comparison of lateral standing and sitting lumbopelvic radiographs is performed to assess if delta SS < 10° (SHR B) or if delta SS > 10° with proportional delta LL (SHR A).



For SHRs that are low risk (SHR A), the use of a large-diameter bearing is of less importance and the anatomic cup version (TAL) is used as a reference. For high-risk SHRs, implants that reduce the risk of dislocation (LDH) can be used along with a cup version based on the TAL. For SHR B, there should be an increase in cup anteversion by 3.5° for every 10° deficit in pelvic retroversion when sitting. SHR D requires a reduction in cup anteversion by 3.5° for every 10° excessive retroversion when the patient is standing. For the high-risk THAs, we would recommend using a large-diameter bearing, fixed (LDH cups) or mobile (dual mobility) depending on a patient’s activity and life expectancy [15,16,35,41].




5.2. Additional Benefits of Optimized Bearing Orientation







	(i)

	
Bearing surfaces









Highly cross-linked polyethylene liners are preferred over ceramic-on-ceramic bearings in abnormal lumbopelvic kinematics. Though ceramic liners have excellent wear properties, there is a higher risk of liner fracture associated with impingement/edge loading in the standing position, with these being more common with abnormal lumbopelvic kinematics. ‘Squeaking’ can also be present in ceramic-on-ceramic liners where there is edge loading/micro-separation. Generally, due to these risks associated with the malpositioning of the cup, ceramic-on-ceramic liners are avoided in high-risk patients [42].








	(ii)

	
Stem sizing, design, and fixation









Prevention of impingement begins with an accurate reconstruction of hip length and offset. Native femoral anteversion can range between 30° (anteversion) and −15° (retroversion) [43]. Cemented stems can be rotated within the femoral bone to achieve the intended version, whereas uncemented stems require a press-fit. As a consequence, there is often less margin to adjust the stem anteversion in cementless designs [42].




5.3. Functional Alignment, Limits of the Concept


There are limitations to the concept of functional alignment. Ageing can alter the relationship between the hip and spine as a result of degenerative changes. This results in the initial implant orientation becoming less optimal. The use of LDH implants mitigates these changes. The spine–hip relationship can also be a result of the hip-spine syndrome and may change following arthroplasty (e.g., when removing the mechanical block, osteophytes).



This concept is grounded in the fact that the current widely practised techniques change the joint anatomy, the head-neck offset, and the joint diameter (small bearings < 36 mm). An alternative/additional option to consider is the use of LDH implants (increasing the head-neck offset) that are more forgiving and allow a more physiological range of motion [44,45].




5.4. Large Head Diameter (LDH) Implants


LDH THA is defined by a bearing diameter >36 mm and is available in two constructs: fixed bearing or dual mobility [1]. In addition to the greater jump distance, combining an LDH and a 12/14 femoral neck optimizes the femoral head-neck offset, offering an implant that delivers an impingement-free range of motion and a significantly reduced risk of dislocation. Such supraphysiologic stability can compensate for a patient’s anatomical variations, abnormal spinopelvic mobility, and surgical imprecisions. Using LDH implants (fixed or dual mobility) was shown to significantly reduce the dislocation rate; a study by Zijlstra et al. evaluated 160,000 THAs from the Dutch arthroplasty register and noted that the risk of dislocation was higher in 22–28 mm heads (1.1%) when compared to >36 mm heads (0.5%) [46,47,48]. In our case series of more than 4000 LDH THA with ceramic bearing (since 2011) and without ROM or activity restriction post-operatively, we encountered 4 single and 1 recurrent episode of atraumatic dislocation (0.13%) [49].



Additionally, LDH ceramic-on-ceramic bearing with a small clearance exerts a high suction force, which provides greater hip micro-stability. With appropriate biomechanical reconstruction, LDH THA can restore normal gait parameters [50]. Less influenced by the risk of instability, surgeons using LDH THA can better optimize a patient’s leg length and femoral offset. This results in unrestricted activities and a high patient satisfaction score [1].




5.5. Advances in Precision Technology: Robot-Assisted THA


Precision tools have become available in recent years. An example of this includes the robotic-assisted THA. The CT-based robotic system stores and evaluates CT imaging of the pelvis. Sagittal radiographs in both the standing and sitting positions are performed for lumbopelvic parameters. The values obtained are utilized in the pre-planning system along with pelvic tilt, allowing evaluation of the lumbopelvic relationship. This also allows for optimal inclination/version to be simulated prior to implant placement. The added benefit of these systems is that they can allow for a virtual range of motion impingement detection. Where there is evidence of impingement, the inclination/version can be adjusted. The use of the robotic system can allow for improvement in the placement of the cup—an important parameter that plays a significant role in the long-term success of THA. However, whether the radiographic improvements observed will translate into reductions in component impingement, acetabular wear, prosthetic dislocations, or longevity requires a longer-term follow-up [51].




5.6. Clinical Outcomes: The Evidence So Far


Published studies with clinical results using this personalized approach are limited. There is variability in the definition of personalized arthroplasty. This ranges from kinematic alignment (taking into consideration the constitutional hip anatomy and the spine alignment and flexibility), the use of robotics for precise placement of the hip centre of rotation, to using more anatomic implants (e.g., large-diameter heads to restore normal biomechanical function).



Riviere et al. published a retrospective study comparing kinematic alignment against conventional alignment techniques for THA. The study concludes that the KA technique resulted in a more natural restoration of the prosthetic hip centre of rotation with a lower change in pre- to post-operative horizontal acetabular offset. The KA technique also resulted in a higher cup anteversion but comparable cup inclination. It also found similar excellent functional outcomes and similar patient satisfaction scores with minimal complications [52]. In another study by Blakeney et al., using LDH THA without precision tools on 276 hips (246 patients) at a mean of 67 months (48 to 79) postoperatively, the patients had a Forgotten Joint Score of 88.5 (23 to 100) and no hip dislocation was reported. Such results are excellent, and the marginal gain is minimal [49].





6. Conclusions


Personalized hip arthroplasty offers an exciting approach to the management of hip arthritis. Applying the principles considered in this paper, hip surgeons can optimize implant orientation according to each patient’s anatomical variation and functional acetabular orientation (dictated by spinal alignment and kinematics). This may improve joint stability and reduce mechanical complications (dislocation and edge loading/prosthetic impingement). In addition to personalized implant orientation, using an LDH bearing (fixed or DM) enables a safe restoration of a larger range of hip anatomy and better compensates for poor functional acetabular orientation. The main goal of personalized joint replacement is to meet the patients’ objective of a ‘forgotten joint’ that delivers both unrestricted joint range of motion and activities. Although there is currently a paucity of evidence for clinical outcomes, the evolution of the concept is delivering a more refined approach to individual anatomy.







Author Contributions


Conceptualization: S.S., W.G.B., C.R. and P.-A.V.; methodology, W.G.B.; validation, W.G.B., C.R. and P.-A.V.; formal analysis, S.S.; investigation, S.S.; data curation, S.S.; writing—original draft preparation, S.S.; writing—review and editing, W.G.B., C.R. and P.-A.V.; visualization, S.S. and C.R.; supervision, W.G.B., C.R. and P.-A.V.; project administration, S.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Vendittoli, P.A.; Martinov, S.; Morcos, M.W.; Sivaloganathan, S.; Blakeney, W.G. Personalized Hip Joint Replacement with Large Diameter Head: Current Concepts. J. Clin. Med. 2022, 11, 1918. [Google Scholar] [CrossRef] [PubMed]

	



Sivaloganathan, S.; Blakeney, W.G.; Vendittoli, P.A. Modernizing Total Hip Arthroplasty Perioperative Pathways: The Implementation of ERAS-Outpatient Protocol. J. Clin. Med. 2022, 11, 3293. [Google Scholar] [CrossRef] [PubMed]

	



UK National Joint Registry. 2021, p. 64. Available online: https://reports.njrcentre.org.uk/Portals/0/PDFdownloads/NJR%2018th%20Annual%20Report%202021.pdf (accessed on 5 June 2022).

	



Dargel, J.; Oppermann, J.; Brüggemann, G.P.; Eysel, P. Dislocation following total hip replacement. Dtsch. Arztebl. Int. 2014, 111, 884–890. [Google Scholar] [CrossRef] [PubMed]

	



Delaunay, C.; Hamadouche, M.; Girard, J.; Duhamel, A. What are the causes for failures of primary hip arthroplasties in France? Clin. Orthop. Relat. Res. 2013, 471, 3863–3869. [Google Scholar] [CrossRef] [PubMed]

	



Hailer, N.P.; Weiss, R.J.; Stark, A.; Karrholm, J. The risk of revision due to dislocation after total hip arthroplasty depends on surgical approach, femoral head size, sex, and primary diagnosis. An analysis of 78,098 operations in the Swedish Hip Arthroplasty Register. Acta Orthop. 2012, 83, 442–448. [Google Scholar] [CrossRef] [PubMed]

	



Mahoney, C.R.; Pellicci, P.M. Complications in primary total hip arthroplasty: Avoidance and management of dislocations. Instr. Course Lect. 2003, 52, 247–255. [Google Scholar]

	



Patel, P.D.; Potts, A.; Froimson, M.I. The dislocating hip arthroplasty: Prevention and treatment. J. Arthroplast. 2007, 22, 86–90. [Google Scholar] [CrossRef]

	



Padgett, D.E.; Warashina, H. The unstable total hip replacement. Clin. Orthop. Relat. Res. 2004, 420, 72–79. [Google Scholar] [CrossRef]

	



Bozic, K.J.; Ong, K.; Lau, E.; Kurtz, S.M.; Vail, T.P.; Rubash, H.E.; Berry, D.J. Risk of complication and revision total hip arthroplasty among Medicare patients with different bearing surfaces. Clin. Orthop. Relat. Res. 2010, 468, 2357–2362. [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]

	



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. 1978, 60, 217–220. [Google Scholar] [CrossRef]

	



Amlie, E.; Hovik, O.; Reikeras, O. Dislocation after total hip arthroplasty with 28 and 32-mm femoral head. J. Orthop. Traumatol. 2010, 11, 111–115. [Google Scholar] [CrossRef] [PubMed]

	



Howie, D.W.; Holubowycz, O.T.; Middleton, R. Large femoral heads decrease the incidence of dislocation after total hip arthroplasty: A randomized controlled trial. J. Bone Jt. Surg. Am. 2012, 94, 1095–1102. [Google Scholar] [CrossRef] [PubMed]

	



Rivière, C.; Harman, C.; Boughton, O.; Cobb, J. Kinematic Alignment Technique for Total Hip Arthroplasty. In Personalized Hip and Knee Joint Replacement; Rivière, C., Vendittoli, P.A., Eds.; Chapter 11; Springer: Cham, Switzerland, 2020. [Google Scholar]

	



Rivière, C.; Lazennec, J.-Y.; Van Der Straeten, C.; Auvinet, E.; Cobb, J.; Muirhead-Allwood, S. The influence of spine-hip relations on total hip replacement: A systematic review. Orthop. Traumatol. Surg. Res. 2017, 103, 559–568. [Google Scholar] [CrossRef]

	



Haffer, H.; Adl Amini, D.; 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]

	



Nam, D.; Riegler, V.; Clohisy, J.C.; Nunley, R.M.; Barrack, R.L. The Impact of Total Hip Arthroplasty on Pelvic Motion and Functional Component Position is Highly Variable. J. Arthroplast. 2017, 32, 1200–1205. [Google Scholar] [CrossRef]

	



Brooks, P.J. Dislocation following total hip replacement. Bone Jt. J. 2013, 95 (Suppl. SA), 67–69. [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]

	



Sultan, A.A.; Khlopas, A.; Piuzzi, N.S.; Chughtai, M.; Sodhi, N.; Mont, M.A. The Impact of Spino-Pelvic Alignment on Total Hip Arthroplasty Outcomes: A Critical Analysis of Current Evidence. J. Arthroplast. 2018, 33, 1606–1616. [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]

	



Behery, O.A.; Poultsides, L.; Vigdorchik, J.M. Modern Imaging in Planning a Personalized Hip Replacement and Evaluating the Spino-pelvic Relationship in Prosthetic Instability. In Personalized Hip and Knee Joint Replacement; Rivière, C., Vendittoli, P.A., Eds.; Chapter 13; Springer: Cham, Switzerland, 2020. [Google Scholar]

	



Le Huec, J.C.; Aunoble, S.; Philippe, L.; Nicolas, P. Pelvic parameters: Origin and significance. Eur. Spine J. 2011, 20 (Suppl. S5), 564–571. [Google Scholar] [CrossRef] [PubMed]

	



Stępiński, P.; Stolarczyk, A.; Maciąg, B.; Modzelewski, K.; Szymczak, J.; Michalczyk, W.; Zdun, J.; Grzegorzewski, S. Spinopelvic Alignment and Its Use in Total Hip Replacement Preoperative Planning-Decision Making Guide and Literature Review. J. Clin. Med. 2021, 10, 3528. [Google Scholar] [CrossRef] [PubMed]

	



Heckmann, N.; Trasolini, N.A.; Stefl, M.; Dorr, L. The Effect of Spinopelvic Motion on Implant Positioning and Hip Stability Using the Functional Safe Zone of THR. In Personalized Hip and Knee Joint Replacement; Rivière, C., Vendittoli, P.A., Eds.; Chapter 12; Springer: Cham, Switzerland, 2020. [Google Scholar]

	



Ike, H.; Dorr, L.D.; Trasolini, N.; Stefl, M.; McKnight, B.; Heckmann, N. Spine-Pelvis-Hip Relationship in the Functioning of a Total Hip Replacement. J. Bone Joint Surg. Am. 2018, 100, 1606–1615. [Google Scholar] [CrossRef] [PubMed]

	



Verhaegen, J.C.F.; Innmann, M.; Alves Batista, N.; Dion, C.A.; Horton, I.; Pierrepont, J.; Merle, C.; Grammatopoulos, G. Defining “Normal” Static and Dynamic Spinopelvic Characteristics: A Cross-Sectional Study. JB JS Open Access. 2022, 7, e22.00007. [Google Scholar] [CrossRef]

	



Innmann, M.M.; Merle, C.; Phan, P.; Beaulé, P.E.; Grammatopoulos, G. Differences in Spinopelvic Characteristics Between Hip Osteoarthritis Patients and Controls. J. Arthroplast. 2021, 36, 2808–2816. [Google Scholar] [CrossRef]

	



Innmann, M.M.; Merle, C.; Phan, P.; Beaulé, P.E.; Grammatopoulos, G. How Can Patients With Mobile Hips and Stiff Lumbar Spines Be Identified Prior to Total Hip Arthroplasty? A Prospective, Diagnostic Cohort Study. J. Arthroplasty. 2020, 35, S255–S261. [Google Scholar] [CrossRef]

	



Lazennec, J.Y.; Brusson, A.; Rousseau, M.A. Lumbar-pelvic-femoral balance on sitting and standing lateral radiographs. Orthop. Traumatol. Surg. Res. 2013, 99 (Suppl. S1), S87–S103. [Google Scholar] [CrossRef]

	



Redmond, J.M.; Gupta, A.; Hammarstedt, J.E.; Stake, C.E.; Domb, B.G. The hip-spine syndrome: How does back pain impact the indications and outcomes of hip arthroscopy? Arthroscopy 2014, 30, 872–881. [Google Scholar] [CrossRef]

	



Rivière, C.; Lazic, S.; Dagneaux, L.; Van Der Straeten, C.; Cobb, J.; Muirhead-Allwood, S. Spine-hip relations in patients with hip osteoarthritis. EFORT Open Rev. 2018, 3, 39–44. [Google Scholar] [CrossRef]

	



Legaye, J. Influence of the sagittal balance of the spine on the anterior pelvic plane and on the acetabular orientation. Int. Orthop. 2009, 33, 1695–1700. [Google Scholar] [CrossRef]

	



Zagra, L.; Benazzo, F.; Dallari, D.; Falez, F.; Solarino, G.; D’Apolito, R.; Castelli, C.C. Current concepts in hip-spine relationships: Making them practical for total hip arthroplasty. EFORT Open Rev. 2022, 7, 59–69. [Google Scholar] [CrossRef] [PubMed]

	



Boulay, C.; Bollini, G.; Legaye, J.; Tardieu, C.; Prat-Pradal, D.; Chabrol, B.; Jouve, J.L.; Duval-Beaupère, G.; Pélissier, J. Pelvic incidence: A predictive factor for three-dimensional acetabular orientation-a preliminary study. Anat. Res. Int. 2014, 2014, 594650. [Google Scholar] [CrossRef] [PubMed]

	



Legaye, J.; Duval-Beaupere, G.; Barrau, A.; Boulay, C.; Hecquet, J.; Montigny, J.P.; Tardieu, C. Relationship between sacral pelvic incidence and acetabular orientation. Hip Int. 2011, 21, 87–97. [Google Scholar] [CrossRef] [PubMed]

	



Philippot, R.; Wegrzyn, J.; Farizon, F. Pelvic balance in sagittal and Lewinnek reference planes in the standing, supine and sitting positions [Étude de l’équilibre sagittal pelvien et du plan de Lewinnek en ortho-statisme, clinostatisme et position assise]. Orthop. Traumatol. Surg. Res. 2009, 95, 70–76. [Google Scholar] [CrossRef] [PubMed]

	



Ochi, H.; Homma, Y.; Baba, T.; Nojiri, H.; Matsumoto, M.; Kaneko, K. Sagittal spinopelvic alignment predicts hip function after total hip arthroplasty. Gait Posture 2017, 52, 293–300. [Google Scholar] [CrossRef]

	



Maratt, J.D.; Esposito, C.I.; McLawhorn, A.S.; Jerabek, S.A.; Padgett, D.E.; Mayman, D.J. Pelvic tilt in patients under-going total hip arthroplasty: When does it matter? J. Arthroplast. 2015, 30, 387–391. [Google Scholar] [CrossRef]

	



Dagneaux, L.; Marouby, S.; Maillot, C.; Canovas, F.; Rivière, C. Dual mobility device reduces the risk of prosthetic hip instability for patients with degenerated spine: A case-control study. Orthop. Traumatol. Surg. Res. 2019, 105, 461–466. [Google Scholar] [CrossRef]

	



Traina, F.; De Fine, M.; Bordini, B.; Toni, A. Risk factors for ceramic liner fracture after total hip arthroplasty. Hip Int. 2012, 22, 607–614. [Google Scholar] [CrossRef]

	



Maruyama, M.; Feinberg, J.R.; Capello, W.N.; D’Antonio, J.A. The Frank Stinchfield. Award: Morphologic features of the acetabulum and femur: Anteversion angle and implant positioning. Clin. Orthop. Relat. Res. 2001, 393, 52–65. [Google Scholar] [CrossRef]

	



Lavigne, M.; Ganapathi, M.; Mottard, S.; Girard, J.; Vendittoli, P.A. Range of motion of large head total hip arthroplasty is greater than 28 mm total hip arthroplasty or hip resurfacing. Clin. Biomech. 2011, 26, 267–273. [Google Scholar] [CrossRef]

	



Lavigne, M.; Rama, K.R.; Roy, A.; Vendittoli, P.A. Painful impingement of the hip joint after total hip resurfacing: A report of two cases. J. Arthroplast. 2008, 23, 1074–1079. [Google Scholar] [CrossRef] [PubMed]

	



Zijlstra, W.P.; De Hartog, B.; Van Steenbergen, L.N.; Scheurs, B.W.; Nelissen, R.G.H.H. Effect of femoral head size and surgical approach on risk of revision for dislocation after total hip arthroplasty. Acta Orthop. 2017, 88, 395–401. [Google Scholar] [CrossRef] [PubMed]

	



Garbuz, D.S.; Masri, B.A.; Duncan, C.P.; Greidanus, N.V.; Bohm, E.R.; Petrak, M.J.; Della Valle, C.J.; Gross, A.E. The Frank Stinchfield Award: Dislocation in revision THA: Do large heads (36 and 40 mm) result in reduced dislocation rates in a randomized clinical trial? Clin. Orthop. Relat. Res. 2012, 470, 351–356. [Google Scholar] [CrossRef]

	



Hoskins, W.; Bingham, R.; Hatton, A.; de Steiger, R.N. Standard, Large-Head, Dual-Mobility, or Constrained-Liner Revision Total Hip Arthroplasty for a Diagnosis of Dislocation: An Analysis of 1275 Revision Total Hip Replacements. J. Bone Joint Surg. Am. 2020, 102, 2060–2067. [Google Scholar] [CrossRef]

	



Blakeney, W.G.; Beaulieu, Y.; Puliero, B.; Lavigne, M.; Roy, A.; Massé, V.; Vendittoli, P.A. Excellent results of large-diameter ceramic-on-ceramic bearings in total hip arthroplasty: Is Squeaking Related to Head Size. Bone Joint J. 2018, 100-B, 1434–1441. [Google Scholar] [CrossRef] [PubMed]

	



Lavigne, M.; Therrien, M.; Nantel, J.; Roy, A.; Prince, F.; Vendittoli, P.A. The John Charnley Award: The functional outcome of hip resurfacing and large-head THA is the same: A randomized, double-blind study. Clin. Orthop. Relat. Res. 2010, 468, 326–336. [Google Scholar] [CrossRef]

	



Kunze, K.N.; Bovonratwet, P.; Polce, E.M.; Paul, K.; Sculco, P.K. Comparison of Surgical Time, Short-term Adverse Events, and Implant Placement Accuracy Between Manual, Robotic-assisted, and Computer-navigated Total Hip Arthroplasty: A Network Meta-analysis of Randomized Controlled Trials. JAAOS Glob. Res. Rev. 2022, 6, e21.00200. [Google Scholar] [CrossRef]

	



Rivière, C.; Harman, C.; Parsons, T.; Villet, L.; Cobb, J.; Maillot, C. Kinematic alignment versus conventional techniques for total hip arthroplasty: A retrospective case control study. Orthop Traumatol Surg Res. 2019, 105, 895–905. [Google Scholar] [CrossRef]








[image: Jcm 12 03324 g001 550] 





Figure 1. The key spinopelvic parameters: pelvic tilt (red); pelvic incidence (blue); sacral slope (green) (33). 
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Figure 2. A flexible lumbopelvic complex and flexible hips reduce the risk of femoral-acetabular impingement (bottom images). Abnormal spine–hip relationship can lead to femoral-acetabular impingement (red) as a result of type 1 spine-hip syndrome (top left) or low pelvic incidence (top right) (33). 
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Figure 3. Simplified Bordeaux classification of spine–hip relationship: the risk of dislocation increases from left to right with an increasing need for cup adjustment to mitigate this risk (15). 
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