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Case report

Late fracture of an old-generation modular neck in a titanium alloy
femoral stem of a cementless total hip arthroplasty
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A B S T R A C T

Neck-stem modularity gained recent popularity in hip arthroplasty for clinical advantages, and few
complications have been reported. We describe an unusual two-stage failure of the bimodular neck of a
cementless forged titanium alloy stem implanted 12 years before. The retrieved neck was forwarded to
the manufacturer for metallurgic evaluation and failure analysis. Lengthening and bending of the
superolateral aspect of the neck and double depression of the medial part prove that the prosthetic neck
underwent a medial displacement and a varus rotation. The crack initiated from the superolateral corner
of the fracture section, and the neck probably underwent two subsequent unstable configurations. The
first horizontal part of the fracture occurred in the external surface as a result of physiological load carried
on abnormal conditions of frictions. Due to increased oscillations, the end of the fracture section knocked
against the inner aspect of the proximal hole of the stem, preventing further valgus displacement of the
neck, which was moved forward. Consequently, the neck achieved a second unstable configuration, and
the fracture propagated in the weaker direction creating a bent track. Finally, the neck broke
unexpectedly as a result of the traumatic event. An incorrect placement into the femoral component
during surgery was the initiation of the failure of the bimodular neck. The transitory but repeated
interface motion between the neck and the stem induced a local surface irregularity acting as a starting
point for crack propagation of fatigue fracture. Final failure followed a direct trauma.

© 2018

Contents lists available at ScienceDirect

Journal of Clinical Orthopaedics and Trauma

journal homepage: www.else vie r .com/locate / j cot
1. Introduction

Femoral component breakage is a well-documented complica-
tion following total hip arthroplasty (THA). The most common site
is the middle or the proximal third of the stem and failure is usually
due to fatigue,1,2 but several cases of neck fracture have been
observed.3–10 The use of dual modular femoral components has
become increasingly popular in recent years, and only few
complications were described.11–19

We report an unusual two-stage fracture of the double-modular
neck of a cementless forged titanium alloy femoral stem that was
implanted 12 years before. To our knowledge, a two-stage late fracture
ofanold-generationbimodularneckinaprimaryTHAwithawell-fixed
femoralstemhasnotbeenpreviouslyreported.Themanagementofthe
fractured implant and the results of the failure analysis are detailed.
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2. Case report

On May 2007, a 64-year-old farmer with BMI of 32.6 kg/m2

was admitted to our institution affected with severe groin pain
and was unable to bear weight after a right hip trauma following
an accidental fall. Physical examination revealed a shortened,
adducted and externally rotated right limb and any attempt of
hip motion was painful. Conventional x-ray showed a fracture of
the modular neck of the femoral stem and calcar osteolysis; the
acetabular component was well positioned with evidence of
osseous integration [Fig. 1]. The patient had undergone a right
primary cementless THA for osteoarthritis in 1995, with the
contralateral hip being replaced one year before. The acetabular
component was a 52-mm PEG press-fit cup with a polyethylene
(PE) liner. The femoral component was a SCL Contact fluted stem
size 3 that was designed to accept a modular Morse-tapered
neck, including a modular medium size neck and a 32-mm
diameter, + 4 mm long alumina head (Lima-Lto, Villanova, Italy).
Both stem and neck were made of titanium alloy (Ti6Al4V).
Following operation, the patient had a complete functional
recovery.

Revision surgery was conducted via an anterolateral approach.
After excision of a wide scar tissue with macroscopic evidence of
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Fig. 1. Emergency radiograph demonstrating a fracture of the modular neck
without evidence of prosthetic loosening.

Fig. 2. The SCL Contact fluted modular femoral stem.
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metallosis, the prosthesis was exposed showing the fracture of the
lateral third of the modular neck, which was easily removed.
However, the distal part of the neck could not be extracted from the
body of the implant as it was firmly embedded inside the stem.
Both prosthetic components were well fixed to the bone and PE
liner was found to be intact. A small window was performed on the
lateral aspect of the subtrochanteric area in order to remove the
residual part of the modular neck, but any attempt was
unsuccessful, so that replacement of the stem required a trans-
femoral approach.

The diaphyseal canal was finally reamed and fitted with a
tapered revision stem (Revision, Lima-Lto, Villanova, Italy),
including a 200-mm long and 14-mm wide fluted distal part
connected with a 60-mm long proximal component bearing a 32-
mm short alumina head. The acetabular components were
retained. At 8-year follow-up examination, the patient was
pain-free with a Harris Hip Score of 92.

The retrieved double-modular neck was forwarded to the
manufacturer for metallurgic evaluation and failure analysis.

The patient was informed that data from the case would be
submitted for publication, and gave his consent.

3. Discussion

Neck breakage of the femoral component is a rare but well-
known occurrence following THA.3,10 Fracture through the neck of
the stem may be due to several factors: defects of the welding of
the neck to the prosthetic head, laser etching in a part subjected to
high stresses leading to a fatigue failure, younger age, heavier
weight, and lateralized stems which increase the offset of the
head.1,2,7,8

Modular necks were designed to better optimize joint stability,
leg length, and femoral offset.20
Taper-locking devices of modular hip prostheses have shown
variability in fit, motion and pull-off strength. Repeated relative
interface motion under load between the components in a modular
femoral neck can induce fretting and crevice corrosion and,
ultimately, component fracture.4,5,14

Sporer et al 11 described an unusual case of disassociation of a
modular femoral neck from its junction with a well-fixed
prosthetic stem. Dangles and Altstetter13 were the first to report
a bimodular neck fracture at the neck-stem junction 3.5 years
following implantation. Additional failures of modern inter-
changeable necks have been documented, highlighting the risks
related to increased modularity in THA.12,14,19 Grupp et al 14

observed a fracture incidence of 1.4% in a large series of 5000
uncemented THAs with a titanium femoral neck.

The SCL Contact is an evolution of the original SCL model stem
[Fig. 2]. From 1982–1997, 7338 original SCL prostheses were
implanted and about 30 failures of fatigue neck breakage due to
laser etching are reported. From 1990 the etching was made in a
neck zone without tension and this change eliminated any
associated risk.

The fracture and modular connection surfaces of the retrieved
component were evaluated using optical and scanning electron
microscope at magnifications up to x500.

Analysis performed by the manufacturer revealed that the track
of the fracture has an S-profile in the horizontal plane, with a
convex surface ending in a bent area in the centre of the neck
[Figs. 3a–b]. A concave surface originates from this bent area,
joining inferiorly and acutely to an irregular spur. Although the
presence of striation and wrinkles are indicative of material
detachment, typical signs of fatigue fracture were not found.

Any possible relationship with the laser etching, which was
located 4-mm away from the edge of the fracture section, was
excluded consequently [Fig. 4].

The initiation site from which the crack propagated was
identified at the superolateral corner of the neck fracture, where no



Fig. 3. Photographs showing fracture surface of the retrieved femoral neck: (a) bent
area separates the convex initiation site from the concave fatigue failure surface; (b)
the final part of the crack acutely culminates in an irregular inferior spur.

Fig. 4. The 4-mm distance with the edge of the fracture section excludes any
relationship with the laser etching.

Fig. 5. Scanning electron microscopy image of the fractured surface (x500)
confirming the absence of material defects.

Fig. 6. The double depression detected in the medial part of the fracture section
demonstrates medial displacement and varus rotation of the prosthetic neck as a
result of an incorrect neck-stem coupling.
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inclusions and material defects could be detected, as confirmed by
metallographic examination [Fig. 5].

Lengthening and bending of the superolateral site and double
depression of the medial part prove that the prosthetic neck
underwent medial displacement and varus rotation [Fig. 6].

The propagation of the fracture line indicated that the neck
probably have assumed two subsequent unstable configurations
under physiological load.

The contact of the inferomedial aspect of the neck is likely to
have occurred in two different periods, and both marks have
required time to develop. If the neck gets contact with the calcar
before the conical locking as a result of an incorrect coupling to
the stem, an immediate stable configuration under load cannot
be obtained, and the neck can move compared with the
prosthetic stem.
Improper surgical technique could result in an early stop with
the calcar due both to the inclination of the resection plane and the
level not corresponding to the minimum that the neck size should
have required. The evidence of the medial mark demonstrates that
initially an overload of the calcar prevented a stable matching
between neck and stem, promoting a swing movement between
varus and valgus in the inferomedial aspect of the neck.

Conversely, the creep scratch due to oscillations produced wear
and superficial defects in the superolateral region, which
propagated inside the neck leading to a lengthening deformation.

The first part of the fracture, proceeding horizontally across the
neck, occurred in the external surface as a result of physiological
load carried on abnormal conditions of frictions. The mode of
contact between neck and stem changed as the crack propagated,



Fig. 7. Drawing illustrating the proposed model-mechanism for the failure of the
bimodular neck.
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also promoted by bone resorption of the calcar due to medial
overload. These oscillations increased progressively, and the end of
the fracture section impinged on the inner aspect of the proximal
hole of the stem, preventing further valgus diplacement of the
neck, which was moved forward.

The neck achieved a new unstable configuration, more medial
and varus [Fig. 7], and the fracture propagated in the weaker
direction creating a bent track. Finally, although supported by the
remaining calcar bone, the neck broke definitively as a result of the
acute trauma.

To our knowledge, a two-stage late fracture of an old-
generation bimodular neck in a primary THA with a well-fixed
femoral stem has not been previously reported.

In conclusion, on the basis of our analysis data, age of prosthesis
and patient activity, a combination of two factors appears to have
contributed to the delayed but atypical fatigue failure of the
double-modular neck. Initial crack propagation of fracture due to
incorrect neck-stem coupling which occurred at primary surgery
and final breakage secondary to direct trauma constitute the model
mechanism for the failure.

It is advisable that modern modular double taper necks allow an
easier disassembly, providing less invasive surgical revisions.
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