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Reproducing the Proximal Femur 
Anatomy: Modular Femoral 
Component
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8.1  Neck Modularity

Stem modularity can be classified according to the 
coupling location: distal, mid-stem, and proximal 
[1]. Mid-stem and proximal modularity have been 
more frequently used. Either the junction is located 
proximal or distal (mid-stem) to the neck osteot-
omy (Fig. 8.1). Proximal modularity with modular 
necks was introduced in 1987 by Cremascoli Ortho 
(Milan, Italy), in order to provide independent 
combinations of version, offset, and length [1].

Rationale of modular necks. The rationale 
for proximal modularity with modular necks was 
the achievement of a better soft tissue balancing 
and was to reduce the occurrence of prosthetic 
impingement [1, 2]. The best candidates for neck 
modularity, where the most remarkable benefits 
are obtained, are subjects with unconventional 
hip anatomies and biomechanics [1, 2]. In these 
cases, standard acetabular and femoral compo-

nent orientation adjustment to achieve adequate 
reciprocal positioning may be ineffective due to 
the limited bone fit and coverage. Such subopti-
mal implant orientation may result in restricted 
range of motion, abductor dysfunction, and 
increased risks of dislocations and other 
impingement- related events [1, 3]. The bony and 
soft tissue alterations in hip dysplasia are a clear 
example (Fig.  8.2) [1, 2]. The short anteverted 
neck and the inadequate abductor muscles may 
be correctly reconstructed using modular compo-
nents, independently tuning the soft tissue ten-
sion and the leg length. Moreover, modularity 
may provide adequate correction of the combined 
version. Similar considerations can be made for 
coxa vara: a conventional implant, with progres-
sive neck lengths according to implant size, may 
restore the offset using a larger size, but some-
times at the cost of an unacceptable leg length 
discrepancy (Fig.  8.3) [1–3]. Modularity may 
also be beneficial in post- traumatic cases, where 
the abnormal acetabular or femoral morphologies 
may influence the component position. In revi-
sion cases, when the acetabular bone loss may 
compromise the socket positioning, modularity 
may improve joint stability and reduce impinge-
ment, compensating imperfect acetabular implant 
orientation and/or soft tissue tension [1]. Even in 
case of standard primary arthroplasties looking 
relatively simple, as the proximal femoral anat-
omy  significantly varies between patients and is 
not that predictable [2], proximal modularity 
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with modular necks may be of clinical interest. 
Males usually have long necks with higher neck-
shaft angles and low anteversion; on the contrary, 
females show short, varus, and anteverted necks 
[2]. Most stem designs have size-proportional 
neck lengths, affecting leg length and offset, 
which may address partially this wide variability 
[2]. It was estimated that tapered stems with 
metaphyseal fit designs require at least 15 sizes 
distributed in three metaphyseal configurations, 
and two different neck-shaft angles to match the 
frontal anatomy of 85% of the femurs [4]. 
Moreover, uncemented stems often have limited 
version freedom during implantation. Thus, 
proximal modularity with modular necks has 
theoretical advantages in outlier anatomies as 
well as in standard cases, more closely matching 
the native proximal femur anatomy than conven-
tional stems. Due to these reasons, we frequently 
used in our institution the modular neck implants 
in cases of conventional and, mostly, unconven-
tional hip anatomies.

Clinical results of modular necks. There is 
solid evidence that shows the reliability of well- 
designed modular neck implants regarding their 
capacity to restore the native proximal femoral 
anatomy and to provide good long-term clinical 
outcomes. Montalti et al. [5] reported good ana-
tomical reconstructions in severe dysplastic hips 
using modular necks (AncaFit® stem, Cremascoli 

Ortho, Milan, Italy). In particular, the use of a 
high prosthetic hip center reconstruction, com-
bined with modular necks, improved the biome-
chanics and the offset restoration, with good to 
excellent clinical results and only a case of cup 
aseptic loosening after a minimum follow-up of 
10  years. Archibeck et  al. [6] reported a com-
parison between 100 primary total hip arthro-
plasties (THAs) with modular neck stem design 
and 100 primary THAs without (respectively 
Kinectiv® and M/L Taper® stems, Zimmer-
Biomet, Warsaw, USA). The offset and leg 
length were restored to within 1 mm in 85% of 
the modular hips and in 60% of the monoblock 
stems. On the contrary, Duwelius et al. [7] failed 
to demonstrate superior clinical outcomes at 
2-years follow-up in a similar comparison 
involving the same implants. Nevertheless, a bet-
ter reconstruction of leg length and offset char-
acterized the modular neck cohort.

Our experience: The regional arthroplasty 
registry of Emilia Romagna. In the regional 
arthroplasty registry of Emilia Romagna, the 
15-year cumulative implant survival rates were 
found to be similar between 16,575 modular 
implants (557 being exposed to risk at 15 years) 
and 35,620 monoblock implants (1781 being 
exposed to risk at 15  years) performed for pri-
mary osteoarthritis, at 90.8% and 91%, respec-
tively [8]. The rates of aseptic loosening were 

Fig. 8.1 Stem 
modularity can be 
classified according to 
the junction location: on 
the left mid-stem 
modularity (junction 
distal to the neck 
osteotomy) and on the 
right proximal femoral 
modularity (junction 
proximal to the neck 
osteotomy)
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Fig. 8.2 A Crowe III dysplasia in a 45-year-old male was 
treated with a Ti modular neck implant (Ancafit, 
Cremascoli Ortho, Milan, Italy): the use of a long neck 

allowed for the proper restoration of leg length and offset, 
achieving an excellent result at 13 years

Fig. 8.3 Modular implants are particularly useful in out-
lier anatomies, like coxa vara. A varus, retroverted neck 
(Apta, Adler Ortho, Milan, Italy) was used to restore the 

proper neck-shaft angle, offset, and leg length, achieving 
a satisfying result at 8 years

8 Reproducing the Proximal Femur Anatomy: Modular Femoral Component
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inferior in the modular group (0.4% vs. 0.7% for 
isolated acetabular implant loosening; 0.6% vs. 
0.8% for isolated femoral stem loosening; and 
0.1% vs. 0.4% for loosening of both the compo-
nents), as well as the rate of revision due to poly-
ethylene wear (0.04%, 7 implants out of 16,575 
THAs), but none of those differences reached 
statistical significance. In terms of revisions due 
to prosthetic instability, no differences could be 
detected between the two groups. These data may 
suggest that modular necks allow for a better 
component interaction, enabling to reduce the 
mechanical stresses on component fixation and 
preserving them from aseptic loosening. 
Considering only the THAs performed due to 
congenital pathologies (e.g., developmental hip 
dysplasia), the results between the two groups 
were more striking. The modular neck implants 
(2805 cases with 238 being exposed to risk at 
15  years) achieved a survival rate of 93.3% at 
15  years, whereas conventional implants (3707 
cases with 389 being exposed to risk at 15 years) 
had a lower performance with 89.6% of survivor-
ship. Regarding the reasons for revision, the two 
groups had similar revision rates for early pros-
thetic instability (within the first 3 months), but 
modular neck THAs had an inferior revision rate 
for recurrent dislocations (0.5% vs. 0.8%). 
Revisions for aseptic cup loosening were signifi-
cantly lower with modular necks (0.5% vs. 
1.9%). This finding showed that, in the modular 

neck cohort, the revision rate for aseptic cup 
loosening was comparable to THAs implanted 
for primary osteoarthritis and was four times 
lower than conventional implants used for con-
genital pathologies. On the other hand, in the 
cohort of congenital pathologies, a rate of 0.5% 
of neck fractures was reported for the modular 
neck implants.

Insight into modular neck failure. Due to 
the frequent excessive corrosion at the modular 
neck-stem junction and the related clinical com-
plications (e.g., neck breakage, adverse local tis-
sue reaction to metal debris), the routine use of 
modular neck implants has been frequently ques-
tioned [1, 9]. In a recent study by Graves et al. [9] 
that describes the outcomes of the Australian reg-
istry, the revision rate for all reasons at 10 years 
was 9.7% in modular necks, whereas 5.1% for 
the conventional stem. However, when the modu-
lar neck cohort was split into chromium–cobalt 
(Cr–Co) necks and Titanium (Ti) necks, the latter 
performed better: at 10  years, 7.4% of the Ti 
implants were revised, suggesting that the neck 
alloy is an important predictive factor. The first 
modular necks were fabricated in Ti alloy, with a 
taper connection mated to a Ti alloy stem [1]. Of 
the reported breakage and dissociation of the 
components, neck failures were mostly due to 
insufficient fatigue strength (Fig.  8.4) [1, 9]. 
Thus, Cr–Co alloy necks were proposed as a 
stronger alloy alternative and implanted on Ti 

Fig. 8.4 Ti proximal modularity may face disassembling 
(left image) and neck failure (right image): disassembling 
occurred after a trauma 20 years after the implantation. 

The fracture occurred in severe obesity (150 kg, 65-year- 
old male)
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alloy stems in order to prevent fractures [1, 10, 
11]. The new Cr–Co necks experienced lower 
rates of fractures (to date, no implant breakage in 
the Australian registry) [9]. However, excessive 
corrosion at the taper junction, primarily related 
to abnormal micromotions at its site (mechani-
cally assisted crevice corrosion), emerged as a 
devastating complication [1, 10–15]. A famous 
example may be given by the 2012 recall of the 
Rejuvenate devices (Stryker, Mahwah, USA) 
where Cr–Co necks were mated to Ti alloy stems. 
De Martino et  al. [10] analyzed 60 Rejuvenate 
stems that were removed for multiple reasons; 
the totality of the retrievals showed severe signs 
of fretting corrosion at the neck-stem modular 
taper junction, starting soon after the implanta-
tion (less than 4 weeks) and increasing over the 
time. In contrast, the head–neck tapers only 
showed negligible corrosion signs. The authors 
suggested that the neck–stem junction was sub-
ject to a cantilever bending: the medial and lateral 
sides of the neck were cyclically compressed 
against the correspondent part of the stem, 
describing a small amplitude oscillatory motion 
[10]. Nawabi et al. [11] described the results of 
216 Rejuvenate THAs, highlighting necrosis and 
adverse local tissue reactions similar to metal-on-
metal bearing prostheses as a consequence of the 
cantilever bending. The source of metal ions was 
the mechanically assisted crevice corrosion: the 
fluid entering the modular junction repassivated 
the titanium alloy, causing acid release and Ti or 
Co dissolution [10–15]. Due to these severe prob-
lems, the American Association of Hip and Knee 
Surgeons elaborated a specific algorithm for risk 
stratification, designing Cr–Co neck implants at 
moderate or severe risk [12]. A strict follow-up 
including standard radiographs, periodical metal 
ion level tests, and cross- sectional images 
(MARS-MRI or CT scan) was suggested, in 
order to establish if a revision surgery was rec-
ommended. On the other hand, when Ti necks 
were compared to Cr–Co necks, less degradation 
was evident and ion release was modest and 
within a noncritical range [13–15]. A study by 
Kop et al. [13] suggested that Ti necks are more 
corrosion resistant and frequently subject to cold 
welding. The cold welding at the neck–stem 

modular junction was probably beneficial in 
terms of reducing fretting corrosion but rendered 
disassembling a troublesome (impossible) proce-
dure in 22% of the cases. Despite the safer Ti 
neck profile, a few catastrophic events related to 
neck breakage should not be forgotten (0.2% in 
the Australian registry) [9]. It is not easy to delin-
eate the reasons for Ti neck breakage: the implant 
design plays a capital role, as few models have 
been frequently involved [13–15]. Moreover, 
retrieval studies on Ti neck breakage found that 
varus high-offset modular necks were at higher 
risk of fracture when implanted in young, active, 
overweight patients [1, 13–15].

8.2  Head Modularity

Similarly to modular necks, modular heads were 
introduced in the 1980s, aiming to restore better 
prosthetic hip biomechanics [16]. The success 
was outstanding and, in the 1990s, 90% of the 
implants had a head–neck modularity [16]. 
Nowadays, head modularity is a capital element 
in THA as it allows the surgeon to use different 
bearing surfaces, to more accurately restore off-
set and leg length, to improve stability, and to 
facilitate revision procedures [16–18]. Usually, 
head modularity occurs at a Morse taper, result-
ing in a force-fit connection (taper locking) that 
resists the axial and torsional forces [16]. 
Unfortunately, there is no standard taper. Tapers 
are fabricated with different configurations and 
angles, with several variations among manufac-
turers and hip devices [16–18]. Thus, the sur-
geons must carefully assess the compatibility 
between the new head and the well-fixed stem in 
case of partial revisions [16–18]. Although the 
benefits related to head modularity remarkably 
outweigh the cons, few drawbacks should be 
noticed: disassembling and excessive corrosion 
[17]. Dissociation of the head is anecdotic in the 
modern implants, usually occurring after trauma 
and secondary to mismatches [17]. Severe and 
clinically troublesome corrosion almost uniquely 
occurs with large metal heads, being ceramic 
balls involved in very few cases. The taper is 
subjected to mechanically assisted crevice corro-
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sion due to oxidation and micromotion, similarly 
to the neck-stem junctions that are usually Morse 
tapers too [17]. The main factors increasing cor-
rosion at the head–neck interface occur with dif-
ferent metal combinations, larger heads 
(>32 mm), shorter tapers, high head offset (e.g., 
XL head), and active and/or obese patients [17]. 
Despite those few concerns, the routine use of 
head–neck modularity in primary THAs is not 
challenged. Furthermore, the use of modular 
head–neck adapter systems seems particularly 
important in revision settings [18]. Such systems 
allow the reduction of leg length discrepancy 
and the loss of offset, improving the biomechan-
ics and the stability of the revised prosthetic hip. 
In a retrospective series including 95 patients, 
Hoberg et al. [18] described 95 revisions requir-
ing the use of BioBall® system (Merete, Berlin, 
Germany). The survival rate was 92.8% at 
8 years, two patients requiring a further proce-
dure due to recurrent dislocations. No corrosion 
was noticed in the revised cases.

8.3  Femoral Component 
Modularity Contributes 
to Personalizing the Hip 
Reconstruction

Proximal femoral modularity is a useful tool to 
optimize prosthetic hip biomechanics and to 
potentially reduce complications related to poor 
component interaction (edge loading, prosthetic 
impingement, and related complications such as 
instability). Each patient has a unique hip biome-
chanics that may even vary with age. Three capi-
tal parameters of hip biomechanics, femoral 
offset and hip rotation center and combined ante-
version of femur and acetabulum, are randomly 
and independently located even in conventional 
hip morphologies [1–4]. Restoring the native hip 
anatomy when performing hip replacement is a 
sound option for optimizing prosthetic function 
and biomechanics, and overall clinical outcomes 
and patients’ satisfaction. However, as conven-
tional implants, even with modular heads, may 
only address a few hip anatomies, most of the 
patients have their native hip anatomy altered 

after reconstruction. Thanks to the independent 
tuning of lengths and angles in the three planes, 
regardless the stem size, proximal modularity 
(head and neck) may effectively reproduce the 
constitutional hip biomechanics within millime-
ters [1, 2]. Thus, the muscle lever arms can be 
finely reconstructed and the combined antever-
sion optimized. A wider articular excursion, a 
more uniform distribution of joint forces, and an 
improved component interaction consequently 
result, highlighting that personalizing hip 
replacement using modularity is not without tan-
gible outcomes [4]. Proximal femoral modularity 
is even more desirable in case of outlier anato-
mies, when conventional implants with minimal 
modularity (head) grossly fail to reconstruct the 
hip biomechanics [1, 2, 5].

8.4  Modularity: Guidelines 
for Users

Complex cases with unusual anatomies and bio-
mechanics, like dysplastic hips, may be the best 
candidates for modular implants [2, 5]. Up to 
now, well-designed femoral head/neck modular-
ity has proven to be reliable, achieving positive 
long-term results in such cases (Fig. 8.5) [1, 5]. 
On the contrary, a regular use of modular neck 
implants has been universally discouraged [9]. 
Excluding its costs (15–25% more expensive than 
conventional implants), adding a modular junc-
tion carries some additional risks related to corro-
sion, disassembling, and modular implant failure 
[1]. Lessons learned with modular implant fail-
ures helped us to draw important recommenda-
tions and restrictions [16]. Mixing alloys should 
be avoided due to corrosion and ion release. Cr–
Co heads on Ti necks can be admitted; on the con-
trary, Cr–Co necks in Ti stem junctions should be 
avoided [1, 9–13]. Every taper is designed to bet-
ter resist torsional loading rather than bending one 
[16]. Thus, in young, active, and overweight 
patients, modular head and neck options that pro-
vide high femoral offset should be adopted with 
care, or better, discouraged [13–15]. In these 
cases, modular junction corrosion and Ti neck 
fatigue fractures are more likely to occur [13–15]. 
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Thus, problems with taper can be avoided reduc-
ing the bending load at taper interface and, in case 
of modular heads, increasing the taper strength 
acting on diameter and length [13–15]. It is 
important to highlight that a proper assembly is 
capital: no third body should be entrapped in the 
taper connections [9–17]. A careful surgical tech-
nique is universally recommended to avoid taper 
failures [9–17]. Although modularity was proven 
reliable when handled with the abovementioned 
recommendations, new developments should be 
welcomed, aiming to produce safer modular junc-
tions. The microstructure and the grain size of the 
Ti alloy were advocated as important factors: in 
particular, as most of the cracks initiated and 
propagated between two alfa-lamellae, avoiding 
or reducing such elements might be beneficial 
[14]. Such a development should be accompanied 
by a proper implant design, a factor significantly 
affecting the long-term results [13–15]. Up to 
now, a 100% safe design has not been found. The 
modular junction design of Ancafit® implants 
proved good [8]: only 2 neck breakages out of 
3148 cases occurred at a minimum follow-up of 
5 years. The modest offset range (13.5 mm) may 
have probably played an important role in such a 
success. Another positive experience was the 
Modula® system (Adler Ortho, Milan, Italy), 
which is available for different stem designs. This 
modular Ti neck system provides independent tri-
dimensional tuning of three parameters (length, 
offset, version) achieving 27 combinations per 

side and an offset range of 26 mm [19]. Although 
initial data showed an excessive rate of neck frac-
tures, in particular in young patients and high- 
offset implants (unpublished results), the more 
recent use of a second generation “reinforced” 
neck system has generated a significant improve-
ment in the fracture rate. To date, at the last fol-
low- up (December 2015), no fracture occurred 
with the second-generation system in 1689 
implants at a mean follow-up of 1.8 years (range: 
0–3.7) [8].

 Clinical Case

A 64-year-old female patient came presented to 
our clinic after a long history of right groin pain. 
When she was a child, the patient was conserva-
tively treated for congenital hip dysplasia, 
 achieving modest results. The patient had a resid-
ual limping, requiring the regular use of a walk-
ing cane and a severe lower limb discrepancy 
(Harris hip score: 23.8 points).

The anteroposterior X-rays demonstrated a 
bilateral Crowe III dysplasia (Fig. 8.6). In both 
hips, the articular degeneration was severe and 
the greater trochanters were very deformed. The 
right lower limb was 2 cm shorter. The computed 
tomography (CT) scan showed a dysplastic, 
small and shallow acetabulum, and a remarkable 
neck antetorsion (27°). The gluteal muscles were 
short and hypotrophic.

Fig. 8.5 Modular necks are useful implants in case of difficult anatomies. A case of dysplasia was treated with modular 
THAs (Ancafit, Cremascoli Ortho, Milan, Italy), achieving a good radiographic result after 15 years

8 Reproducing the Proximal Femur Anatomy: Modular Femoral Component
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Fig. 8.6 (clinical case) The anteroposterior radiograph 
and CT scan showed bilateral dysplastic hips, severely 
deformed trochanters, leg length discrepancy, small and 

shallow acetabula, and marked femoral antetorsion, with 
minimum femoral offsets and abductor deficiencies

A right cementless total hip arthroplasty was 
performed, using an anterolateral approach. The 
cup was a highly porous titanium socket (TiPor, 
Adler Ortho, Milan, Italy), positioned in a high 
hip center. A modular tapered stem was 

implanted (Acuta, Adler Ortho, Milan, Italy). 
The shortest varus titanium (Ti) neck was posi-
tioned in order to restore the offset without dam-
aging the weak abductors. The stem antetorsion 
was controlled, using the tapered stem—retro-
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verted modular necks were not necessary. Delta 
ceramic bearing surfaces were chosen with a 
32 mm ball (CeramTec, Plochingen, Germany). 
The greater trochanter was modeled and the 
abductors were sutured and re-tensioned. The 
implant proved stable and a good range of 
motion was achieved, with a residual 0.8-cm 
lower limb discrepancy to avoid excessive 
stresses on the gluteal muscles.

After 5 years, the patient was satisfied with the 
final result: the Harris hip score was 85.8 points. 
The gluteal muscles were still hypotrophic and a 
slight limping was evident: a walking cane was 
required only for long distances. On the radio-
graphs, the implant showed good osseointegra-
tion (Fig. 8.7).

Severe dysplastic cases should be treated 
with specific modular implants. The use of 
highly porous cups and ceramic-on-ceramic 
couplings reduce the rate of wear and aseptic 
loosening, even in case of abnormally high joint 
reaction forces. Tapered stems may efficaciously 
control the combined anteversion, mostly when 
the stem antetorsion is higher than 25°. Modular 
necks are useful to independently fine-tune the 
offset, the length, and the version, restoring a 
good abductor lever arm and physiological soft-
tissue tension.
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