
23© The Author(s) 2020 
C. Rivière, P.-A. Vendittoli (eds.), Personalized Hip and Knee Joint Replacement, 
https://doi.org/10.1007/978-3-030-24243-5_3

Hip Replacement: Its Development 
and Future

Charles Rivière, Ciara Harman, Kartik Logishetty, 
and Catherine Van Der Straeten

3.1	 �Evolution of Hip Implant Designs

There have been significant developments since 
the first attempts to treat degenerated hips with 
tissue interpositional arthroplasty (with materi-
als such as fascia lata and pig’s bladder) or 
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Key Points
•	 Improvements in implant design and 

surgical techniques have dramatically 
reduced the risk of complications, thus 
reducing the risk of revision surgery 
while enabling a return to high level of 
function.

•	 Complications related to poor compo-
nents’ interaction remain with tradi-
tional alignment techniques, despite the 
more precise implantation of compo-
nents facilitated by technological 
assistance.

•	 Complications related to poor compo-
nents’ interaction are poorly predicted 
by the radiographic appearance of 
implant position but have been shown to 
be correlated with the patient’s spino-
pelvic mobility.

•	 Personalized  strategies  for hip  arthro-
plasty taking into account lumbo-
pelvic  kinematics and constitutional 
hip anatomy are under investigation.

•	 By generating a physiological prosthetic 
hip (from anatomical restoration of the 
native) and by optimizing the compo-
nents interaction during activities of 
daily living (from selecting a cup orien-
tation that fits the spine flexibility), the 
kinematic alignment technique for hip 
replacement may perfect clinical out-
comes of prosthetic hip.
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hemi-resurfacing using glass molds by Smith-
Peterson in 1937 [1]. While the first total hip 
replacement has been attributed to Wiles in 
1938, it was considered a failure—its success 
and widespread adoption only occurred in the 
1960s when Sir John Charnley introduced “low-
friction arthroplasty” using acrylic cement for 
fixation. This early age of hip arthroplasty has 
been followed by decades of incremental devel-
opment directed at reducing failure (including 
that related to loosening, instability, implant 
wear, and osteolysis) while accommodating the 
high-activity profile and increased longevity of 
the modern patient [1].

Cemented stem designs were progressively 
refined with distinction between the taper slip 
and composite beam concepts [2]. Modern tech-
niques for cementing were developed with the 
use of pulsatile lavage, retrograde femoral canal 
cement filling, and cement pressurization, but 
also an appreciation that both the English and 
French cementing techniques can deliver excel-
lent results [3]. The French technique consists of 
completely emptying the medullary canal of can-
cellous bone and implanting a canal-filling femo-
ral component for line-to-line fit, with a thin 
cement mantle mainly acting as a void filler. This 
principle—termed the “French paradox”—runs 
contrary to the perceived wisdom that cement 
mantles should have a minimal thickness of 
2–4 mm and should be complete (English cemen-
tation technique). Yet, it is a user-friendly tech-
nique that has led to reproducible good long-term 
clinical outcomes with Charnley-Kerboull and 
Ceraver Osteal type stems [3].

Uncemented implant designs were developed 
to solve the issue of osteolysis that was initially 
but wrongly attributed to cement debris (so-
called “cement disease”). Early cementless stem 
designs were suboptimal because they were 
excessively stiff (cylindrical shape and chrome-
cobalt alloy) and prone to diaphyseal fixation due 
to extensive coating. A high rate of mid-thigh 
pain and proximal bone loss from stress shielding 
were therefore observed [4]. Subsequent stem 
designs were designed to be more flexible (non-
cylindrical shape and titanium-based alloy) and 
many are partially coated for greater proximal 
fixation and load transfer [4]. Contemporary 

uncemented stems are either tapered, cylindrical, 
or anatomical. This latter group of anatomic 
design stems closely fill the metaphysis; this pro-
motes physiological load distribution but does 
not allow intraoperative adjustment of femoral 
anteversion (Fig. 3.1).

Similar to the evolution of cementless stems, 
first-generation uncemented cups were poorly 
designed and had a high rate of failure. A subop-
timal locking mechanism design permitted exces-
sive micromotion between the liner and the metal 
back. This generated a high amount of 
polyethylene debris and subsequent osteolysis 
and aseptic loosening [1]. At revision, it was 
noted that early component designs had a signifi-
cant amount of fibrous tissue at the bone–implant 

Fig. 3.1  Anatomical femoral stem
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interface. Hydroxyapatite coating was therefore 
introduced to cementless cups to enhance bone 
ingrowth and stimulate bony gap closure [5].

In the 1980s, the realization that osteolysis 
was caused by a host reaction against polyethyl-
ene wear particles and not cement debris shifted 
the focus to reducing bearing surface wear [1]. 
First-generation ultrahigh molecular weight 
polyethylene (UHMWPE) had a low abrasive 
wear resistance and was therefore vulnerable to 
volumetric wear. The generated debris was 
responsible for triggering a macrophagic response 
in periprosthetic tissue, and bone resorption by 
activated osteoclasts. Low-wear highly cross-
linked polyethylene have since been introduced 
alongside alternative bearings either made of 
ceramic or metal (cobalt chromium) or, more 
recently, in Oxinium™—a ceramicized metal 
alloy [1]. After decades of developments—
including four generations of ceramic—modern 
bearing couples of metal-on-highly X-linked 
polyethylene, ceramic-on-highly X-linked poly-
ethylene, and ceramic-on-ceramic are now recog-
nized as the most reliable options [1, 6, 7].

Increasing the femoral head diameter 
improves the interaction between the head and 
cup components by increasing jump distance and 
stability and reducing the risk of microseparation, 
edge loading, prosthetic impingement, and dislo-
cation [8, 9]. This increase in contact surface area 
is tolerated by modern bearing couples as they are 
resistant to abrasive wear, while with first-gener-
ation UHMWPE abrasive wear was higher with 
larger diameter femoral heads. When used with 
total hip implants, recent designs of metal-on-
metal large-diameter bearings have been shown 
to result in high torque and excessive fretting cor-
rosion at the head–neck junction (trunnionosis) 
with subsequent clinically deleterious adverse 
reactions to metal debris [1]. When used for hip 
resurfacing, the same metal-on-metal bearings 
were demonstrated to be safe in well-designed 
and well-positioned implants, i.e., avoiding edge 
loading [1, 6, 7]. In order to prevent the risk of 
ceramic liner fracture and promote ceramic-on-
ceramic large-diameter bearings for total hip 
replacement, monoblock ceramic cups with a pre-
assembled ceramic liner housed within a metal 
back were developed (Fig. 3.2). These have good 

midterm clinical outcomes despite frequent noise 
generation (squeaking), which have a negligible 
clinical impact [10–12].

Another innovation designed to reduce the risk 
of dislocation is the dual mobility cup design 
(Fig.  3.3) [13]. Bousquet and Rambert posited 
that by introducing a mobile articulation between 
the cup and head, patients could have a higher 
range of impingement-free movement. Emerging 
clinical results suggest that dual mobility cups can 
reduce the incidence of dislocation in primary and 
revision hip arthroplasty and may be useful in pri-
mary total hip arthroplasty in patients with limited 
spino-pelvic mobility, neuromuscular disease, or 
soft tissue problems [14, 15].

Finally, femoral neck preserving  short stem 
designs (Fig. 3.4) [16], which favor preservation of 
proximal femur anatomy and bone stock, and mini-
mally invasive surgery have also shown good mid-
term outcomes since the turn of the century. The 
expected benefits of more physiological metaphy-
seal loading, faster recovery, reduced late peripros-
thetic fracture, easier revision, when compared to 
conventional stem design, remain to be proven [16].

All of these developments have contributed to 
the success of hip replacement surgery and its 
qualification as the “operation of the century” 
[1]. Return to normal function and satisfaction 
are generally obtained, with implants survival of 
95% at 14  years reported in the National Joint 

Fig. 3.2  Monoblock ceramic acetabular cup
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Registry, regardless of the type of fixation and 
bearing (the exception being for certain large 
metal on metal bearings) [6, 7].

3.2	 �Evolution of Instrumentation 
for Implanting Hip 
Components

The precise orientation of implants has tradi-
tionally been dependent on a surgeon’s visuo-
spatial ability, with the help of basic instruments 
like alignment rods. Technological assistance 
could enable surgeons to increase reproduc-

ibility for positioning components, restoring 
constitutional hip biomechanics and impinge-
ment-free range of motion, and thus improving 
patient outcomes. Computer navigation sys-
tems, patient-specific instrumentation 
(Fig. 3.5), and robotics have been successively 
introduced with this goal in mind [1, 6]. 
Patient-specific instrumentation (PSI) requires 
preoperative 3D imaging and computer-aided 
design (CAD) planning to create patient-spe-
cific cutting guides so that the surgeon can pre-
cisely size and position components to the 
preoperative plan. In contrast, computer navi-
gation systems and robotics assist implantation 
through intraoperative 3D planning and then 
either guiding the position of the cutting blocks 
(computer navigation) or performing the cut 
(robotics). Slight displacement of the cutting 
blocks can occur when they are fixed to the 
bone with pins or during the bone cut by the 
saw. Robotics are thus considered to be more 
precise than computer navigation systems as 
they typically do not use cutting blocks; 
instead, power to the saw, reamer, or burr is 
terminated when placed in an orientation or 
position outside of the surgical plan. While 

Fig. 3.3  A dual-mobility cup articulating with a ceramic 
head inserted on a cementless stem

Fig. 3.4  A short femoral stem which loads only proximal 
bone by fixation in the femoral neck and metaphysis
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there is little  doubt that these technologies 
improve surgical precision, their clinical bene-
fit is yet to be proven compared to manual 
techniques for implanting components [6].

3.3	 �Evolution of Hip Approaches

The hip may be accessed through multiple ana-
tomical routes to perform arthroplasty, typically 
via posterior, lateral, superior, or anterior surgical 
approaches. Access, by definition, disrupts the 
integrity of periarticular soft tissues, which in turn 
slows recovery after joint replacement and may 
sometimes be directly responsible for complica-
tions (e.g., instability, residual limp, pain, and het-
erotopic ossification). Minimally invasive surgical 
approaches such as the mini-posterior or the mus-
cle-sparing approaches (including the Direct 
Anterior, Rottinger, SupraPath) were developed 
to reduce these issues (Fig.  3.6) [1, 17]. Their 
execution has been facilitated by the development 
of specific instrumentation and short femoral 
stem designs [16]. Compared to traditional 
approaches, minimally invasive surgical 

Fig. 3.5  Patient-specific 
instrumentation—this 
cutting guide is 3D 
printed to match the 
patient’s anatomy and 
deliver a planned cup 
orientation and femoral 
neck osteotomy

Rottinger

SupraPath

Mini-Posterior

DAA

Fig. 3.6  Common minimally invasive surgical 
approaches to perform a hip replacement. DAA Direct 
anterior approach
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approaches have shown to be more technically 
demanding with subsequent longer learning 
curves, but can speedup recovery while keeping 
the dislocation rate similarly low [6, 17, 18].

3.4	 �Evolution of Techniques 
for Aligning Hip 
Components

The ‘mechanical alignment’ technique 
(Fig. 3.7), defined half a century ago, is consid-
ered to be the gold standard technique for implant-
ing total hip components [19, 20]. It focuses on 
achieving a set biomechanical goal, while disre-
garding individual patient anatomy [19, 21]. The 
hip’s center of rotation is medialized to reduce 
stress on implants, and components are system-
atically oriented in universal “safe zones.” The 
goal is to obtain a 15° and 40° radiographic cup 
anteversion and inclination, respectively, and to 

position the femoral stem with a 10° to 15° ante-
version relative to the posterior condylar line 
[19–21]. Technological assistance has increased 
the reproducibility in positioning the cup, by 
defining the anterior pelvic plane and considering 
its tilt in either the supine or the standing 
positions; in  this way, the concept of functional 
cup positioning was born [20, 22, 23].

Alternative concepts of combined anteversion 
[20, 24] and anatomical implantation [25–30] 
have gained relevance since the increased uptake 
of cementless femoral component. Cementless 
stems must obtain a stable press fit to obtain bone 
fixation, and thus adapt to the highly variable 
proximal femoral canal geometry. Therefore, 
unlike during implantation of cemented stems, 
there is limited ability to adjust femoral antever-
sion, and a greater risk of prosthetic impingement 
if the cup is systematically placed [7, 8, 31–33]. 
An increased awareness of this dynamic interplay 
between the acetabular and femoral components 
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[34, 35] led to the development of the combined 
anteversion technique [24]: the femur is prepared 
first—with the final rasp left in place while pre-
paring the acetabulum. The chosen cup antever-
sion angle depends on the observed stem 
anteversion, and the resulting combined antever-
sion is typically between 30° and 40°.

In contrast, the concept of anatomic implanta-
tion [25–30] of hip prostheses aims to restore the 
native hip anatomy with a focus on anatomical 
cup anteversion and restoration of hip center of 
rotation. The main rationale for an anatomical 
cup positioning is the limited ability to calculate 
an ideal cup orientation from preoperative images 
due to the multiple acetabular functional orienta-
tions and femoro-acetabular interplay combina-
tions that an individual displays during ADLs 
[36–38]. It relies on intraoperative parameters 
such as the transverse acetabular ligament [25] 
and the use of calipers to precisely measure offset 
and neck length to define center of rotation. 
Anatomic implantation aims to restore native hip 
anatomy and improve prosthetic hip function and 
patient satisfaction by achieving physiological 
periprosthetic soft tissue balance and hip kine-
matics [29, 39]. The use of the neck-preserving 
femoral components (including resurfacing [27] 
or neck-sparing stem designs [16, 28]) facilitates 
anatomical restoration.

3.5	 �Residual Complications 
with Conventional 
Implantation 

Although hip arthroplasty is considered a very 
successful procedure, and named the “operation 
of the century,” there remain some residual 
complications [7, 31–33, 38]. Component loos-
ening, late periprosthetic fracture, instability 
(0–10%) [6, 7], and residual pain in the absence 
of obvious complication (in 10–20%) [31] are 
reported, suggesting that there is still room for 
significant improvement in implant design, 
techniques, and implementation of technology. 
Failures leading to revision surgery remain 
excessive and vary from 3% to 8% at 14 years 
postoperatively [6, 7]. The main indications for 

revision surgery are aseptic loosening (48% of 
revisions), followed by dislocation (15%), peri-
prosthetic fracture (10%), and then sepsis (9%) 
[6, 7]. The risk and indication for revision sur-
gery dramatically vary with patient age at the 
time of primary surgery, with younger patients 
more likely to require revision surgery [6, 7]. 
Men implanted in their early 50s have a 30% 
lifetime revision risk compared to approxi-
mately 20% and 10% if the same primary 
replacement had occurred in their early 60s or 
70s, respectively [7]. Many of these residual 
complications have been primarily related to 
poor component interaction, i.e., to the frequent 
occurrence of edge loading [33] and prosthetic 
impingement [32, 38, 39]. These may be miti-
gated by the use of more forgiving (tolerant to 
edge loading and prosthetic impingement) 
implants and/or more personalized surgical 
techniques for implanting hip components.

3.6	 �A Personalized Implantation 
May be the Next Step 
for Improvement of Clinical 
Outcomes

The risks of prosthetic edge loading, prosthetic 
impingement, dislocation, and suboptimal pros-
thetic hip function have been shown to be signifi-
cantly influenced by the condition of the lumbar 
spine (individual spine–hip relationship) [14, 
40–43]. In contrast, those risks remain poorly 
predicted by the radiographic orientation of con-
ventionally aligned cup [10, 12, 14, 32, 35, 44, 
45]. Despite our ability to precisely position 
implants using PSI, navigation, and robotic tech-
nology, there is limited evidence that they reduce 
dislocation or improve impingement-free range 
of motion [6, 46]. This may be a consequence of 
a consistent standard (excessively systematic) 
technique of implantation, with insufficient 
attention paid to the many unique aspects that 
characterize each patient including their hip 
anatomy and kinematics. The truly “safe” ace-
tabular target for avoiding impingement and 
edge loading is much smaller than previously 
understood and varies considerably between 

3  Hip Replacement: Its Development and Future



30

patients [36, 37, 47, 48], thus supporting a per-
sonalized philosophy for the choice of implant 
and placement of the components.

To improve clinical outcomes of hip replace-
ment for the next century, we advocate for a more 
personalized implantation that considers lumbar 
spine kinematics/spine-hip relationship [49–52] 
and hip constitutional anatomy [19, 51, 52] for a 
physiological and biomechanically sound hip 
arthroplasty. Surgical approach, implant design, 
and orientation should be dependent on a patient’s 
unique anatomical and kinematic characteristics, 
and technological assistance can then be har-
nessed to precisely execute this patient-specific 
plan. By generating a physiological prosthetic 
hip (from anatomical restoration of the native) 
and by optimizing the components interaction 
during activities of daily living (from selecting a 
cup orientation that fits the spine flexibility), the 
kinematic alignment technique for hip replace-
ment may perfect clinical outcomes of prosthetic 
hip. Precise  kinematic alignment of forgiving, 
hard-wearing modern hip components may reach 
the ultimate goal of hip arthroplasty, which is 
generating a  reproducible, durable,  ‘forgotten’ 
prosthetic hip, and probably represents the future 
of hip arthroplasty.
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