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Abstract

The modularity in total hip arthroplasty (THA) has reduced the inventory of the prosthetic system, allowing length and off-set
adjustment of the limb, simplifying revision surgery through the replacement of the head only, whenever it is possible. Side effects of

modularity, such as fretting and corrosion of the head-neck junction, are well known in revision surgery.

In this cases report we will describe a THA failure after 11 years on the head-neck junction of Accolade I femoral stem, chromium-
cobalt (CoCr) femoral head and taper V40 (Stryker 1 Corporation, USA), and a THA failure after 4 years on the head-neck junction
of SYMAX 7 (Ti-Al-V) femoral stem with cono-morse V40 (Stryker Orthopaedics) and large 50-4mm metal modular head (Co Cr Mo,

Finsbury Orthopaedics), secondary to corrosion and subsequent disassembly of head-neck junction.

We will analyze the literature which highlights the need for greater awareness of the surgeon on the choice of the system implant
about the modularity of the femoral neck-prosthetic head, evaluating the materials and geometry of the prosthetic components and

overload and alignment of the implant that may be precondition for this complication with, occasionally, catastrophic results.
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Introduction

The most common causes of revision in THA are aseptic loosening, infection, instability, dislocation and trauma [1]. Today there are
high standards of THA in terms of materials, surgical techniques, design and modularity of the implants [2]. These factors reduced in-
ventory and granted versatility and interchangeability among the different prostheses [3]. The concept of modularity is further applied
to femoral stems providing length and off-set regulation; it also made easier revision surgery with preservation in situ of the stem and,
when possible, just replacing the femoral head [4,5]. Many factors like cone design, materials, prosthetic head diameter, lateral off-set,
stem malposition and durability of implants may cause the fretting of the components, which lead to corrosion at the head-neck junc-
tion [6-8]; corrosion debris behaves like debris from metal on metal (MoM) implants with large head [9-12]. According to the literature

review we present two catastrophic cases in terms of damage at the taper-head modularity.
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Case Report

A 79-year-old male, who suffered from osteoarthritis of the hip, had a total hip replacement MoM with MITCH (Stryker, USA) metal cup
and Accolade I femoral stem 127° valgus and taper V40 CoCr head and Ti neck.

After 11 years in absence of distress or malalignment, a severe and acute hip pain appeared. Rx showed disassembling of head-neck

junction of the stem that was worned out and deformed (Figure 1). two modular components was confirmed.

Figure 1: Disassembly of head-neck due to corrosion of V40 femoral neck.

There were severe signs of wear and tear especially on the lateral portion, without significant involvement of the CoCr female por-
tion (Figure 2). There was an intense periarticular metallosis, secondary to the metal debris from the femoral stem’s neck (V40 Taper).
Histologically wear debris disease was confirmed (Figure 3). Blood levels of Cr and Co were normal without any clinical sign. The patient,

moreover, had not reported any general disorders related to an increase of the two ions.

Figure 2: Fretting corrosion of the neck; note the damage at the base of the femoral neck, medially,

caused by impact of the female portion of the head.
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Figure 3: Histological evidence of metallosis.

A non-cemented Tracer cup and Exacta (Premedical, Milan) stem was implanted, restoring morphometric parameters of the hip. Post-
operative course was regular with good clinical recover after rehabilitation in terms of muscle tone, proprioceptive, movements and gait

scheme.
Case Report

Male patient with elevated BMI, who underwent surgery at the age of 58 due to a bilateral osteonecrosis of the femoral head. A right
THA was implanted: MITCH TRH 56 mm cup with large 50-4mm metal modular head (Co-Cr-Mo, Finsbury Orthopaedics) and SYMAX 7
(Ti-Al-V) femoral stem with cono-morse V40 (Stryker Orthopaedics).

After 14 years, in orthostasis, the patient felt a clatter from right hip with subsequent failure and fall to the ground. Rx showed the
break of prosthetic neck while the stem was correctly integrated into the bone, as the acetabular cup (Figure 4).

Figure 4: Second case of V40 disassembly.
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The revision surgery consisted in re-implantation of Wagner long stem with bone cerclages in order to stabilize the bone window. For
the cup, that was intact without internal abrasion, a PE insert was used. The neck corrosion was located 1 cm below the inferior hedge
of the cono-morse of the lower diameter (Figure 5). The break-section was divided in two parts; the lateral one, curved “crescent-like”,
opaque and almost horizontal due to prolonged contact with female portion of the large metallic prosthetic head; the medial part was

wedge, “cotyledon-like”, vertical and more polished.

Figure 5: The break-section divided in two parts: the lateral one, curved “crescent-like’, horizontal; the medial part was wedge,

“cotyledon-like’; vertical.

These aspects are secondary to an event occurred in two different moments: the first one, slow, lasting a few years and the second one,
acute with sudden structural failure. Further demonstration was the diffuse metallosis with stack of the debris at calcar. More precisely,

the accumulation was into the crook of female portion of the cono-morse, where the fractured part of the prosthetic neck was located.
Discussion

Femoral stem’s neck is a truncated cone, tapering towards extremity (taper) with a uniform variation of its diameter along the axis
[13]. The femoral taper is lodged inside the female part of the cone of the head, creating a conical coupling named cone-morse, with inter-
ference, correlated to the load with mutual cold welding between the two components [4]. Radial forces create a resistance to separation

in the head-neck junction, but also generate a friction between the two conical surfaces [14].

The metal alloys traditionally used for THA offer biocompatibility, corrosion resistance and optimal mechanical properties [15]. The
most used materials for femoral head are delta ceramic or Chromium-Cobalt (CoCr), like MoM, connected to Ti-6Al-4V stems. Using a big-

ger femoral head reduces dislocation incidence and increase range of motion and strain on the femoral stem’s neck [16].

The Australian Orthopaedic Association National Joint Replacement Registry highlighted correlation between the higher revision rate

and the head’s diameter greater than 32 mm in THA Metal on Metal (MoM) emphasizing the role of the conic junction as major responsible
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of corrosion [17]; that can be influenced by body mass index (BMI), lateral off-set, varum position of stem, long neck, wrong positioning

of the head, including impact force, the vector applied and contamination of surfaces [18].

Normal, et al. analyzed many coupling between stem with increasing diameter of head and discovered that to a greater diameter cor-

responds a greater strain, in addition to higher horizontal lever arm at taper level and trunnion load off-set [19].

In MoM implants, assembled CoCr head and Ti neck resist quite well to corrosion due to self-passivation process secondary to a cre-
ation of a protective superficial oxide film; this layer though can undergo an alteration during load cycles because of some fluctuations.

The subsequent fretting determines the disappearance of the same layer, exposing the metal to corrosion [20,21].

Hexter, et al. defined that kind of galvanic corrosion “mechanically assisted crevice corrosion” (MACC) [22] that, in mixed coupling,
origins from corrosion of splits due to local chemical modification induced from corrosion [7,8]. Delta ceramic heads present less MACC,
compared to CoCr, because they develop fretting at higher compression loads on Ti necks in a simulated model (Zimmer 12/14 and

Stryker V40); the starting load was cycling in compression and the slope of mean curve is significantly increased [23].

Conical femoral necks have different dimensions and angle. Greater diameters, longer tapers and circular shape correlate with a lower

rate of dislocation, ROM reduction despite lower diameters, short taper and trapezoidal shape [24,25].

Femoral head is fully occupied by short neck, increasing load and fretting at the cone’s base. If necks are tighter there will be wrong
coupling with micro-motion at the head-neck junction with fretting and corrosion [26,27]. Nassif,, et al, on the contrary, found out that,

because a wider surface, fretting is higher for thicker and longer taper [10].

About cone-morse, the effect of angular-mismatch suggests a threshold tolerance different from the industry accepted tolerance of
0.0167° beyond which micro-motion would have increased [28], after continuous load, with reduced contact area and greater roughness
[29].

Goldberg,, et al. have widely documented a higher percentage of corrosion damage both to the head and the taper in coupling between
different alloys than mixed alloys (respectively 42% and 28%) [6]. In other studies, no corrosion or friction damage at the head’s cone

prevailed over the neck [18].

In THA with a neck in Ti-6Al-4V alloy and a head in austenitic stainless steel 316L, the fretting corrosion damage is greater for Ti [30].
In addition, it has been demonstrated that the axial load determines higher damage in Ti/Ti couplings than in CoCr/CoCr, with a better

adaptation to interference by cold welding which sometimes that makes it difficult to disassemble during revision surgeries [31].

Ceramic has inert and electrically insulating properties. Fretting corrosion is lower in CoCr stems-Zirconia heads if compared to CoCr/
CoCr couplings. A study demonstrated that in CoCr-Ceramic couplings the corrosion is lower in ceramic components despite a percentage

of fracture and corrosion of ceramic head (0,02 - 1%) [32].

CoCr head and V40 taper has a low starting load (1.400 N) and Ceramic head and V40 taper has high load (2.200 N). It has been ob-

served that it is the geometry of the cone, and not the material, that affects fretting at the conic junction [23].

Wylde.,, et al. have documented a characteristic destructive wear pattern of the femoral taper (trunnion) defined “bird beak” appear-
ance in V40 Accolade I (Stryker) with head larger than 36mm. This wear pattern created excessive movement and loosening resulting in

a trunnion/head dislocation or brittle fracture of the trunnion [33].
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A peculiar type of corrosion of the cone involves metallic 32 mm head with LFIT (Stryker, Mahwah, NJ) stem or Accolade I (Stryker) Ti-
12Mo-6Zr-2Fe stem enlarges the head’s cone. This fact consumes the cone of the stem, made in softer alloy, and then touches the bottom
of the cone. This study shows that the conic design of Ti-12Mo-6Zr-2Fe stem and 11/13 cone with 36 mm head represent an important

risk factor of corrosion compared to larger cones made by stiffer materials and with different model in terms of micro-motion [34].

Spanyer |., et al. described three unsuccessful implants of Accolade I Ti-12Mo-6Zr-2Fe stems with CoCr femoral heads that resulted in

rupture of the femoral neck after 7 years of minimal survival.

Authors attributed the failure to the fatigue load and corrosion of the head-neck joint, with the possible contribution of the design of

the neck and the geometry of the cone. These factors could be potentially responsible for shorter duration of resistance to fatigue [35].

In addition, metal debris formation may cause a general reaction due to elevated blood level of Cr and Co generated from corrosion and
fretting. A macrophage and lymphocytic response with synovitis, tissue necrosis and osteolysis up to loosening of prosthetic components
is present [36]. From a histological point of view, there is a chronic periprosthetic inflammation with different cellular population, espe-

cially macrophages, reactive to both Ti and CoCr debris and several cytokines including IL-6 and TNFa [37,38]

Therefore, we can assume the taper corrosion when blood level of chromium and cobalt are elevated, with a differential increase of the

two elements [39]. Corrosion debris may act as third foreign body, resulting in an abrasive wear at the head-cup junction.
Conclusions

The cono-morse - head coupling is an important moment in THA and the head-neck fretting and corrosion are a well-known event [40].
This phenomenon appears in several ways, starting from mild corrosion without tissue reaction nor clinical signs until the presence of
severe metallosis or pseudotumor formation with major implication, especially in MoM implants is observed [41,42]. The surgeon must
consider the choice of material and the femoral head diameter. It is important to take care of implanting the cone in the metal head in an
articular environment that should be clean without blood or adipose tissue [43]. Lastly, in order to avoid angular defects in the taper [46],

impaction energy and a good technique must be properly considered [44,45].

The 12/14 cono-morse may be different in terms of dimension and cone angulation even if they come from the same manufacturer. We
need to remember that the threshold of conic between head and taper is 0,075°; over this value, micro-motion at the head-neck junction

is increased [28].

The data obtained from the study of the prostheses extracted cannot be generalized especially in the absence of local and general clini-
cal signs. We must consider that the surgeon choice is based on the data reported by the manufacturer, unaware of some minor angular
variations of the cono-morse that may lead to corrosion. In resssion Surgery the stem with taper damage can remain in situ if it is stable,
in revision surgery. Mild or moderate corrosion does not affect torsion properties of the cone junctions. Doubts remain about the use of
ceramic head with damaged cono-morse [47]. The positioning of ceramic head on worn cone should be avoided because of stress that can
induce a head fracture [48]. Keeping in mind that manufacturers do not recommend this behavior and so on the legal implications. Other

important factors to be considered are the entity of the trunnion alteration and the stabilization of the head [49].

The multifactoriality of the corrosive process by fretting at the head-neck junction allows to say that tests are not clarifying at the mo-
ment and we need controlled studies in order to identify the relative contribution of each design factor that takes part in the corrosion of
the taper [50].
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