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Hip Anatomy and Biomechanics 
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Modern total hip replacement and hip resurfacing 
have been shown to generate good long-term 
clinical outcomes. Advances in materials, engi-
neering, and improved knowledge in joint anat-
omy and biomechanics, have enabled this 
success. Successful hip prosthetic surgery relies 
on a proper understanding of the hip anatomy and 
its biomechanics. In this chapter, we will review 
these essential points.

2.1  Normal Hip Biomechanics

Understanding of the human gait has progressed 
since the early methods of chronophotography by 
Etienne-Jules Marey, which enabled capture of 
human movement. Expansion on this through 
advancement in technology, such as infrared 
cameras, electromyographs, and force platforms, 
has led to a greater understanding not only of 
human locomotion, but also the effects our sur-
gery has. The importance of hip biomechanics 
has become more and more prominent with the 
development of gait laboratories giving us a more 
accurate, but also more complex, view of the 
hip’s in vivo function.

2.1.1  Kinematics

Hip motion is allowed in three planes (sagittal, 
frontal, and transverse) due to its ball-and-socket 
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configuration. Nevertheless, some authors have 
described the femoral head with a conchoid (or 
ellipsoid) shape [1]. This particular shape makes 
the joint less likely to sublux when compared to a 
true ball-and-socket joint. Moreover, this shape 
may contribute to generation of the optimal stress 
magnitude and distribution [2]. In the same man-
ner, the horseshoe geometry of the acetabular 
cartilage has been shown to optimize the contact 
stress distribution. Thus, through the acknowl-
edgment of these anatomic features, we immedi-
ately understand that allowing mobility while 
maintaining stability is the first challenge a pros-
thetic spherical implant faces.

The sagittal plane portrays the greatest pas-
sive range of motion: flexion, on average, can 
reach 100° (extended knee) and 140° (flexed 
knee, due to the hamstring release). Extension is 
15°–20°. In the frontal plane, the range of abduc-
tion is from 10° to 45°, whereas the range of 
adduction is 10°–30°. The external rotation 
reaches 60° and the internal rotation 30°, but it 
can go further when the hip joint is flexed due to 
the release of the soft tissues (up to 90° for exter-
nal and 60° for internal rotation). However, these 
figures are subject to interindividual variation. 
Gender, age, individual patient anatomy (femoral 
neck angle, femoral neck offset, acetabulum ver-
sion …), and level of physical activity are fea-
tures that can alter the hip range of motion. For 
example, a subject with a coxa valga tends to 
exhibit a better abduction peak angle than a coxa 
vara subject, due to the delayed impingement 
between the femoral neck and the acetabular 
labrum.

As an orthopedic surgeon, it is important to 
know the values of hip motion involved in 
activities of daily living. For example, tying 
shoe laces with feet on the floor will require up to 
125° hip flexion, 19° external rotation, and 15° of 
abduction; ascending stairs will require a mean 
hip flexion of 70°, whereas descending them 
needs 35°. Gait is characteristic of the human 
species. This is a succession of imbalance phases 
that is actually much more complex than the 
human eye can see. Measurements in the sagittal 
plane (Fig. 2.1) show that the hip joint is maxi-
mally flexed (35°–45°) during the late swing 

phase of gait, as the limb moves forward for heel 
strike. Then, the hip extends as the body moves 
forward, and the extension peak is reached at 
heel-off. The frontal and transverse planes are 
also involved. Abduction occurs during the swing 
phase of gait and reaches a maximum just after 
toe-off. At heel strike, the hip joint reverses into 
adduction and keeps it during the entire stance 
phase. The hip joint is externally rotated during 
the swing phase and, to provide a fitted angle for 
the foot strike, the hip rotates internally. This 
internal rotation is gradually lost as the contralat-
eral hip moves forward. One should also consider 
the motion of the pelvis (in sagittal, axial, and 
frontal planes) during the walking sequence. 
Pelvic motion is highly variable between indi-
viduals and its amplitude depends on multiple 
parameters, such as walking speed, pelvic and 
hip anatomy (e.g., width of pelvis), flexibility of 
the spine and the hips, etc. This pelvic motion 
probably has a significant influence on the hip 
biomechanics and the risk of degeneration. One 
must acknowledge that the pelvis undergoes axial 
rotation (about 8°) as the leg moves forward. 
There is a heightening of the hemi-pelvis before 
toe-off as well (corresponding to a 5° rotation in 
the frontal plane), introducing the concept of 
“pelvic vertebra” asserted by Jean Dubousset. 
These motions require further investigation, 
given they are highly variable between individu-
als and may produce deleterious effects on bear-
ing components (edge loading, impingement) in 
dynamic situations [3].

2.1.2  Kinetics

Joint reaction forces are the forces generated 
within the joint in reaction to forces acting on the 
joint. For the hip, it is the result of the need to bal-
ance the moment arms of the body weight and 
abductor tension in order to keep a leveled pelvis. 
The hip contact forces are then a combination of 
ground reaction force to body weight, and of inter-
nal muscle contraction forces. The resultant hip 
reaction forces can be calculated either in vivo, by 
strained-gauged prosthesis, or by analytical 
approaches (2D models or more sophisticated 3D 
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models). In a simple 2D model, when both legs 
support the weight of the body equally, in a stand-
ing position, the weight force vector is centered 
between the two hips. As a result, each femoral 
head supports one-half of the body weight. Indeed, 
in this model the pelvis is stable and there is no 
muscle reaction force to add in. During a single-
legged stance, five-sixths of the body weight act 
on the femoral head in charge; its vector is vertical. 
In parallel, the abductor muscle force is oriented 
medially and superiorly at an assumed 30° angle 
from the vertical line. The lever arm of both body 
weight and abductor  muscles can be determined 
on an AP pelvis radiograph (Fig. 2.2). Thus, the 
abductor muscles’ force multiplied by their lever 
arm (external moment) has to be equal to the 
bodyweight force multiplied by its lever arm 

(internal moment), in order to keep a poised pel-
vis. Since the effective lever arm of abductor mus-
cles is considerably shorter than the effective lever 
arm of body weight, the combined force of abduc-
tors must be a multiple of body weight. It ensues 
peak hip joint forces can reach 1.8 to 4.3 times 
body weight during gait [4]. These numbers could 
rise to eight times body weight for activities like 
running or skiing. This highlights how these forces 
will play a first rank role in the selection of compo-
nents, implantation, wear, and durability. On the 
femoral head, maximum contact pressures occur 
at the supero-anterior area during walking, 
whereas for the acetabulum, the supero-posterior 
zone is more exposed to constrain. When moving 
from standing to sitting position or from sitting to 
standing position, the contact pressure is higher 
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mainly due to the smaller contact area at the edge 
of the posterior horn of the acetabulum. Indeed, as 
the hip is flexed, the contact area moves posteri-
orly. There are typically two hip resultant force 
peaks during the stance phase: a first one in early 
stance and a second one in late stance. One should 
also consider forces in the horizontal plane, which 
have been barely investigated. These forces may 
jeopardize efforts to optimize bearing compo-
nents’ behavior, as their influence is not fully 
understood.

Many parameters influence the intensity and 
repartition of the resultant hip joint contact forces. 
From a mechanical point of view, the abductor 
lever arm (tied to the neck-shaft angle and neck 
length) and the body-weight lever arm (tied to pel-
vis width) are two important parameters, particu-
larly because they can easily be modified by THR 
surgery. The magnitude of body weight is also 
significantly influential. An increase in the abduc-
tor lever arm will lead to a decrease of the abduc-
tor’s force needed to maintain a horizontal pelvis. 
It will tend to decrease the hip joint reaction forces. 
In the same way, a wider pelvis increases the body 
weight lever arm, and so will increase the joint 
contact forces during the one-legged stance. All of 
this is true in reverse, and applicable to prosthetic 
hips as well. As we suggested at the beginning of 

this chapter, the native hip joint is actually more 
complex than a simple ball-and-socket model. 
Cartilage and bone elasticity, a slight lack of 
congruency due to acetabular deformation the 
more the hip is loaded, the conchoid femoral 
head shape, as well as the acetabular and femo-
ral neck orientation are parameters playing intri-
cate roles in the hip contact forces’ magnitude and 
repartition. Nonspherical shapes allow rolling 
movements in addition to sliding movements, 
which are logically the only ones found in a per-
fect ball-and- socket model. Thus, studies showed 
these conchoid or ellipsoid shapes contributed to 
optimal stress magnitude and repartition. In the 
same manner, cartilage elasticity, which is lost in 
an arthroplasty surgery, optimizes load transfer. In 
vitro, a decrease in acetabular anteversion leads to 
a dramatic increase in the hip’s load, as reported 
by Sanchez Egea. A similar result is observed 
when decreasing femoral anteversion or neck-
shaft angle [5]. However, one should consider the 
in vivo interaction between the femoral and ace-
tabular anteversion–inclination. Indeed, it is more 
relevant to look at the interplay between acetabu-
lum and proximal femur orientation. It introduces 
the concept of combined version, which recom-
mends that the sum of the stem and cup antever-
sion values approximates 37 ° [6]. Accurate 
combined anteversion is more likely to result in a 
harmonious interaction between the femoral head 
and the cup, with no impingement throughout the 
entire range of body positions.

In the prosthetic joint, the femoral head 
diameter, articular clearance, and cup orien-
tation are other important parameters influencing 
the head/acetabulum contact area (or contact 
patch), and therefore the hip joint contact forces. 
For a bigger head diameter, one would expect a 
larger contact patch between head and cup. 
However, the contact patch size is closely tied to 
the inner diameter of the cup, as well as defining 
the clearance. Thus, too high a clearance will 
reduce the contact patch area, potentially leading 
to a high wear rate. On the other hand, low clear-
ance hips have a more conformal contact and a 
larger contact patch, which decreases the dis-
tance between the edge of the contact patch and 
the rim of the cup, thereby increasing the risk of 
edge loading and wear. Edge loading occurs 
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Acetabular Offset, r Abductor lever arm, R Body weight 
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when the contact patch between the head and cup 
extends over the cup rim, which results in a large 
increase in local pressure, disruption of the lubri-
cation mechanism, and increased wear. Clearance 
is now known to be an important factor in edge 
loading phenomenon [7]. This consideration is of 
high importance specifically for large diameter 
MoM bearings. A cup abduction angle of 45° or 
less is recommended to avoid excessive wear. It 
is of particular importance for MoM resurfacing 
in order to avoid edge-loading phenomenon. The 
effect of cup anteversion on wear is less straight-
forward and should be considered alongside the 
femoral version [8]. Nevertheless, modifying the 
cup inclination and/or anteversion will influence 
both the anterosuperior and the posteroinferior 
cup-head contact areas in opposite ways. For 
hard on smooth bearing couples, liner wear rates 
for 22, 28 or 32 mm heads do not vary signifi-
cantly. Nevertheless, volumetric wear increases 
with head size, as it impacts the sliding distance 
between bearing components.

2.2  Variability in Hip Anatomy

In order to restore physiological hip biomechan-
ics, THR surgery often aims to respect the 
patient’s individual anatomy. However, hip anat-
omy is subject to a high interindividual variabil-
ity. Immediately we understand the surgical 
difficulties related to this, in particular our capac-
ity to restore the infinite natural variation with 
prosthetic implants.

Are there gender differences? In addition to 
the age, weight, and height, which play a major 
role in interindividual differences, there are other 
elements linked to anatomical variation. Gender 
is the first parameter associated with anatomical 
variability [9–13], with the pelvis exhibiting spe-
cific characteristics depending on gender; in 
females the pelvis is wider and the acetabulum 
generally deeper with greater anteversion when 
compared to males: 18° vs. 21° [14] and inclina-
tion 38.5° vs. 36° [15] (Fig.  2.3). These differ-
ences are partially explained by the developmental 

Male

Large shaft

High CCD angle

High offset

Lower anteversion Higher anteversion

Low offset

Low CCD angle
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Short neckLong neck

Female

Fig. 2.3 Main gender differences regarding hip morphology [14]
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response to the need to give birth, where the birth 
canal is wider. However, with the broader pelvis, 
the body-weight lever arm is increased, which is 
associated with a deeper acetabulum (up to coxa 
profunda), thus reducing the body-weight lever 
arm. On the femoral side, females have a smaller 
femoral head diameter (adjusted for height and 
weight), a greater femoral anteversion, thinner 
femoral shaft, and a lower femoral shaft-neck 
angle with an associated smaller femoral offset 
when compared to men: 48  mm vs. 55  mm. 
Another key difference is the lower bone mineral 
density seen in females, especially after meno-
pause, increasing the risk of peri-prosthetic frac-
ture. These anatomical differences and their 
impact on joint replacement were quite evident 
with metal-on-metal hip resurfacing, where the 
smaller head size and acetabular orientation lead 
to a higher risk of failure. Differences are also 
found in the range of motion: women exhibit a 
greater peak hip flexion and internal rotation (hip 
at 90° flexion), whereas men show greater peak 
hip extension and external rotation.

Are there racial/ethnical variants? A num-
ber of studies, mainly from the 1950s, reported 
wider pelvises (both pelvic inlet and outlet) in the 
Caucasian population compared to the African 
population. This was thought to be associated 
with a higher geographic latitude. Many factors 
can explain these differences in pelvic shape 
around the world. The climate adaptation theory, 
which claims that narrower pelvises are seen in 
lower latitudes, while wider pelvises are seen in 
more northern areas in order to save heat and 
energy, has recently gained attention [16]. It 
questions the original, and until now, widely 
accepted theory that pelvic shape is the result of 
the evolutionary compromise (obstetric dilemma) 
between efficient bipedal locomotion and the 
safe parturition of a neonate. In reality, it is prob-
able that multiple factors influence pelvic shape, 
and that environment and lifestyle (e.g., alimen-
tation, activities) are likely to be equally as 
responsible as ethnical/geographic factors. For 
example, with regard to the neck-shaft angle, the 
activity level is a strong determinant, given that 

the neck tends to become more varus as the activ-
ity level increases [9, 10]. Finally, racial differ-
ences in sacral geometry and spino-pelvic 
alignment have already been reported [17] in 
addition to gender differences [18].

Is there a “normal” hip? Independent of 
gender or ethnic origin, some constitutional vari-
ations are found among us, and they sometimes 
lead to a pathological process. Acetabular retro-
version on plain X-ray can affect 6% of hips in a 
healthy population and up to 20% and 42% in 
osteoarthritis and Legg–Perthes–Calve cohorts, 
respectively [19, 20]. Coxa profunda may affect 
5–20% of the whole population [21]. Acetabular 
retroversion represents a particular form of hip 
dysplasia, characterized by abnormal posterolat-
eral orientation of the acetabulum. This patho-
physiology predisposes the individual to 
subsequent anterior impingement of the femoral 
neck upon the anterior acetabular margin and 
fibrous labrum. Similarly, developmental hip 
dysplasia has a prevalence of 3.6–4.3% in the 
healthy adult population [22]. These pathologies 
can present a technical challenge for prosthetic 
surgery, particularly in their extreme states, 
which may involve a combination of hip disloca-
tion, leg length discrepancy, posterior–superior 
acetabulum defect, and acetabulum retroversion. 
Dynamic study of the pelvis–femur relationship 
can complicate the notion of anteversion and ret-
roversion. Firstly, pelvic tilt values in the stand-
ing position differ from one individual to another, 
with an average of 12° in the Caucasian popula-
tion with standard deviation around 6° [17]. In 
addition, the pelvic tilt varies between supine, 
standing, and sitting positions, thus modifying 
the functional orientation of the acetabulum; this 
is enabled by the lumbar spine sagittal flexibility 
[23–25]. Thus, one has to know that these varia-
tions cannot be ignored, especially for cup posi-
tioning: in the supine position, the pelvis tilts 
anteriorly, which decreases anteversion of the 
acetabular component, while in the standing and 
sitting positions, the reverse happens and ante-
version is increased [24, 26]. With regard to the 
femoral neck-shaft angle, Boese et al. reported in 
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a review article that the interindividual differ-
ences in the healthy population can range from 
98° to 160° and from 115° to 155° in the osteoar-
thritic population [27]. This in turn affects the 
femoral offset, which is directly linked to the 
neck-shaft angle and femoral neck length. 
Similarly, femoral torsion can also vary, resulting 
in anteversion or retroversion of >40°; this may 
justify the need for 3D templating given regular 
AP pelvis radiographs are less accurate in assess-
ing femoral torsion and medial offset. In addition 
to these key reconstruction parameters, the endo-
femoral canal can take the form of several differ-
ent shapes, as measured by the femoral flare 
index and the cortico-medullary index (Fig. 2.4) 
[28]. This is of particular relevance in cementless 
fixation, where the need for a close bone–pros-
thesis interface is essential. One may favor hip 
resurfacing in some of these more complex 
 situations (Fig. 2.5). In addition, anatomical vari-
ations exist in the vascularization of the femoral 
head, particularly the role of the inferior gluteal 
and medial femoral circumflex arteries, which 
are important to consider in hip resurfacing 
arthroplasty [29]. Each hip is therefore defined 
by an infinite combination of anatomical and 
geometric parameters, in addition to its func-
tional capacity.

2.3  Anatomy Modifications 
Affecting Clinical Results

2.3.1  Relative to Components’ 
Positioning

Hip replacement and resurfacing aim to achieve 
sustainable restoration of hip mobility without 
pain. Component positioning plays a role in every 
aspect of the clinical outcomes: function, wear 
rate, occurrence of complication, and compo-
nents’ life span.

Center of rotation. In the frontal plan, the 
acetabular offset defines the mediolateral loca-
tion of the center of rotation (Fig. 2.2). By medi-
alizing the acetabular component, one reduces 
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12 cm
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Dh

D12

Fig. 2.4 Femoral Flare Index  =  D0/D12; Cortico- 
medullary Index = Medial + Lateral cortical thickness/D0

Fig. 2.5 Example of a 50-year-old woman who portrays 
an extra-small Femoral Flare Index. As, restoration of the 
femoral offset would have been difficult with a regular 
femoral stem, resurfacing provides a predictable anatomi-
cal reconstruction

2 Hip Anatomy and Biomechanics Relevant to Hip Replacement



16

the body moment arm, thus decreasing the 
amount of force generated by the abductors 
resulting in a decrease in the joint reaction force. 
However, if done excessively, this can reduce 
abductor muscle tension, which may need to be 
adjusted with the femoral offset. Thus, in order to 
restore the global offset (or the sum of the acetab-
ular and femoral offset) in order to maintain ade-
quate abductor muscle tension, you have to 
increase the femoral offset [30]. If the global off-
set decreases, the abductors’ tension drops and 
becomes unstable. Conversely, if the combined 
offset increases, the abductors’ tension will be 
excessive, potentially yielding more trochanteric 
pain, and there will be more torque force on the 
femoral stem, potentially leading to loosening 
[31] and peri-prosthetic fracture issues. When the 
center of rotation is lateralized compared to the 
native one, the femoral offset has to be reduced in 
order to conserve the original relationship 
between the greater trochanter and the pelvis. 
However, reduction of the femoral offset directly 
reduces the abductor lever arm, meaning abduc-
tor muscles have to produce more force in order 
to stabilize the pelvis. This consequently 
increases the joint reaction forces and wear at 
bearing surfaces. A geometric technique has been 
described to find the theoretical center of rotation 
by using the U landmark; a constant ratio has 
been observed between lateral position and 
height of the center of rotation and pelvis’ width 
and height. Thus, it can be useful in cases where 
both sides are pathological [32].

Cup orientation. Hip prosthetic surgery 
entails removing the labrum and decreasing the 
head size for a THA case. Given this, the hip sta-
bility cannot remain the same. The native acetabu-
lum covers the femoral head at 170°, whereas a 
prosthetic acetabular cup portrays a 180° design 
(170° or less for resurfacing cups). Thus, cup 
positioning has to consider stability and avoid 
prosthetic impingement. Cup positioning must 
also take into account the influence on wear. Two 
parameters have to be considered for the position 
of the cup around its own center of rotation: its 
inclination and its anteversion. The cup inclina-
tion will play a role in the edge-loading phenom-
enon by influencing the CPCR (contact patch 
center to rim distance) and CPER (contact patch 

edge to rim distance). The less inclined the cup is, 
the greater CPCR is in order to avoid edge load-
ing. In addition, edge loading affects the lubrica-
tion regime and behavior of synovial fluid, which 
will further increase wear rates. With regard to 
cup anteversion, it is a major feature for prosthe-
sis’ stability, as a more anteverted cup will tend to 
avoid posterior dislocation. Having said that, cup 
version is not the only determinant of hip stability, 
as other factors (e.g., surgical approach, prosthetic 
design, head diameter, prosthetic neck antever-
sion) play a major role. Several methods have 
been described to position the cup during surgery 
and used either intra- (posterior and anterior rim, 
transverse acetabular ligament) and/or extra- 
(anterior pelvic plane) articular anatomical land-
marks. Lewinnek initially described the safe cup 
implantation zone in order to reduce the risk of 
dislocation. It was defined as a 15° ± 10° antever-
sion and a 40°  ±  10° lateral opening. However, 
better understanding of the lumbo- pelvic sagittal 
kinematics and the functional  acetabular orienta-
tion has challenged the value of the Lewinnek 
safe zone when compared to a more personalized 
individual “safe zone” [33, 34]. Arthroplasty is 
progressively switching from a systematic to a 
patient-specific approach [33, 34].

Femoral stem positioning. Error in the implan-
tation of the femoral stem will alter the restoration 
of the native hip anatomy and biomechanics. It’s 
positioning in varus or valgus may either increase 
or decrease the femoral offset and abductor lever 
arm and potentially hinder optimal clinical out-
comes. In the same manner, error in adjusting the 
stem version will modify the lever arms, potentially 
induce impingement, and affect the location of the 
contact patch between the head and acetabulum. 
Above all, the leg length discrepancy is clearly 
directly linked to the femoral stem cranio-caudal 
positioning and represents the second highest cause 
of litigation among US surgeons [35].

2.3.2  Relative to Components’ 
Features

As aforementioned, component positioning can 
modify the native anatomy and biomechanics, 
but in addition, the components themselves differ 

R. Galmiche et al.



17

from the native anatomy features. On the femoral 
side, switching from a conchoid shape to a com-
pletely spherical shape changes anatomy. It has 
been shown that this special conchoid shape 
makes the joint less likely to sublux when com-
pared to a true ball-and-socket joint. Furthermore, 
these shapes may contribute to the optimal stress 
magnitude and distribution. Adding to that the 
fact that the labrum is removed in prosthetic hip 
surgery, this emphasizes how anatomical con-
cepts can be modified during hip surgery. In nor-
mal hip joint biomechanics, the labrum is crucial 
in retaining a layer of pressurized intra-articular 
fluid for joint lubrication and load support/distri-
bution. Its seal around the femoral head is further 
regarded as a contributing factor to hip stability 
through its suction effect [36]. It is important in 
increasing the contact area, thereby reducing 
contact stress as well. For the head diameter, 
usual prosthetic head size ranges from 22 to 
36 mm, whereas the native average head size is 
49 mm for women and 53 mm for men. The main 
drawback of this size reduction is the stability 
impairment. It is well known nowadays the dislo-
cation rates decrease when the femoral head size 
increases. Reduction of the femoral head size 
could also have a negative impact on propriocep-
tion. Another point is the head–neck offset modi-
fication; its main impacts are on the range of 
motion and the prosthetic impingement risk 
(additionally influenced by both cup positioning 
and femoral stem anteversion). Prosthetic 
impingement could lead to cup loosening (by 
increasing torque on the cup), prosthetic instabil-
ity, increased wear, and liner fracture. A larger 
femoral head will offer a better head–neck offset 
and thus will reduce the risk of prosthetic 
impingement, in addition to facilitate a better 
range of motion. Several authors showed that this 
risk becomes negligible with a prosthetic femoral 
head ≥32 mm [37, 38]. The medial femoral offset 
is dictated by the femoral stem design, and its 
restoration is intimately tied to the prosthetic 
portfolio available. Another element to consider 
is the modification of Young’s modulus of elastic-
ity inside the femoral shaft by using a 15–20 cm 
length titanium or CoCr alloy stem. It raises 
questions about proprioception modifications 
and above all, introduces the stress-shielding 

concept. Mini-stem designs and resurfacing 
could lead to better proprioception by enabling 
natural femoral shaft deformation and elasticity, 
primarily for patients practicing impact sports 
(running). Nevertheless, scientific ways to evalu-
ate that kind of hypothesis are limited. Moreover, 
using a conventional femoral stem, a part of the 
stress force is directly transferred to the femoral 
shaft, bypassing the metaphysis area. Nonnatural 
bone remodeling phenomenon is subsequently 
involved, modifying the initial bone architecture. 
Hip resurfacing avoids these drawbacks by pre-
serving a close to natural stress distribution.

2.4  When Is it Safe to Recreate 
the Constitutional Hip 
Anatomy?

Osteoarthritis can be primary or secondary. In 
primary cases, the patient’s anatomy is deemed 
as normal and may be reproduced, whereas for 
some cases of secondary osteoarthritis, the 
patient’s hip anatomy is considered abnormal, 
with articular cartilage damage being a conse-
quence of impaired hip biomechanics. As Karimi 
et al. [39] mentioned, we have to be even more 
careful with the younger population as the per-
centage of secondary arthritis is higher among 
this group. The answer to the question “which 
constitutional hip anatomies may safely be 
restored when performing hip replacement?” still 
remains elusive.

It is important to be aware that most abnormal 
hip anatomies (CAM effect, abnormal combined 
anteversion causing pincer femoro-acetabular 
impingement, roof insufficiency) responsible for 
hip degeneration are automatically corrected 
when anatomically implanting modern compo-
nent designs. Nonetheless, severely abnormal hip 
anatomy (e.g., atypical femoral and/or acetabular 
anteversion, protrusio acetabulum) may need to 
be corrected as they are potentially biomechani-
cally inferior. For individuals with abnormal 
femur and/or acetabulum anteversion, one should: 
(1) assess the individual spine–hip relationship to 
understand the functional acetabular orientation 
and (2) perform 3D planning with simulated hip 
ROM, in order to predict the optimal implant 
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positioning and design. For a protrusio acetabuli 
or a dysplastic acetabulum with roof deficiency, 
an appropriate center of rotation will have to be 
reconstructed, which will diverge from the consti-
tutional one. Whatever the severity of the protru-
sio, the ilio-ischial line remains a good landmark 
for reconstructing the center of rotation; the goal 
is to lateralize the hip center in order to avoid 
instability and prosthetic neck–bone impinge-
ment. Any severe defect of the acetabular roof 
should be corrected by either bone grafting or 
metallic augmentation, plus or minus a reinforce-
ment ring.

The proximal femoral anatomy is highly vari-
able between individuals. Coxa vara and coxa 
valga, as well as unusual femoral offset, are ana-
tomic features that generally have to be respected. 
Aside from cases of developmental hip disease, 
any modifications of the proximal femur anatomy 
are likely to hinder optimal clinical outcomes 
[40]. The surgical solutions to restore these 
parameters when facing extreme values are 
detailed below in this chapter. Nevertheless, hip 
resurfacing appears to be the best means of keep-
ing the natural hip anatomy with regard to the 
femoral side, although it is technically strenuous. 
When performing hip resurfacing, special atten-
tion must be paid to the constitutional head-to- 
neck offset of hips, which have degenerated due 
to cam-type impingement. In order to obtain 
good and steady results in these cases, surgical 
correction of this bone impingement is required 
alongside resurfacing. This is achieved by maxi-
mizing and/or moving anteriorly the femoral 
component, plus or minus osteoplasty of the 
anterosuperior part of the neck.

Hip osteoarthritis often leads to a true leg 
length discrepancy due to articular surface wear. 
One should not ignore the possibility of an addi-
tional functional leg length discrepancy from a 
fixed pelvis obliquity and/or hip stiffness. A sound 
understanding of these mechanisms is essential to 
avoid any errors in reestablishing the correct leg 
length. The length of the femur is a parameter that 
can be reliability restored by adjusting the cranio-
caudal positioning of the stem and the head neck 
length. Nonetheless, we have to bear in mind that 
our surgery can sometimes lead to functional leg 

length discrepancy by lengthening the hip (volun-
tary in case of high- grade dysplasia) or by increas-
ing the global offset (voluntary in case of 
protrusio). These functional discrepancies are 
often resolved within a year after surgery as soft 
tissues progressively remodel.

2.5  Limitations of Implants 
in Restoring Native Hip 
Anatomy

There are two kinds of limitations for prosthetic 
implants. Firstly, there is the compulsory limit set 
by the portfolio size. The size scale is globally 
limited to the values represented within the 90% in 
the center of the bell curve. For most femoral 
stems, the femoral offset increases with the size of 
the implant; an issue can arise when the patient 
displays a mismatch between the femoral canal 
width and the femoral offset (Fig.  2.6). 
Nevertheless, modularity, especially modular- neck 

Fig. 2.6 In this case, the patient, a male of 72 years old, 
portrays an out-of-the-range femoral offset and neck’s 
length whereas he depicts a very narrow femoral canal. 
Without templating, the error would be to try putting on a 
regular stem: the chosen size would be necessarily a small 
one because press fit would be quickly acquired in the 
femoral canal. In consequence, the femoral offset, tied to 
the size of the femoral stem would not be restored, as it 
should. Decision to use a custom femoral implant has 
been taken (Fig. 2.7)
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femoral stems, has provided a solution in some 
cases over the last few decades. Secondly, there is 
an engineering limitation: excessively long femo-
ral neck, for example, cannot be safely repro-
duced by a manufactured implant due to the risk of 
prosthetic neck fracture. This means that even cus-
tom implants can encounter difficulties when deal-
ing with extreme anatomies. As represented in 
Fig. 2.7, custom implants sometimes enable us to 
deal with abnormal anatomy, such as extreme coxa 
vara. However, the cementless fixation mode 
remains the same (even if the implant design fits 
the endo-femoral canal), while the torque that the 
femoral stem has to tolerate becomes higher. 
Perhaps we should monitor the long-term life span 
of custom implants made for this kind of use.

2.6  Conclusion

With the technical possibilities currently offered 
by materials and prosthesis engineering, the need 
to consider interindividual variation in hip anat-

omy is gaining recognition among the orthopedic 
community. There are more and more technical 
solutions to suit all femoral and acetabular 
shapes. In parallel, the recent understanding of 
hip biomechanics, with regard to the dynamic 
relationship between the femur and acetabulum, 
has altered our classic view of the anatomy. These 
concepts present a challenge for each orthopedic 
surgeon and should be a central point in our 
future research.
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