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Abstract:  
The mechanisms of premature fracture of modular-neck stems in two case studies: (I) 
when the neck and stem are both made of the same Ti6Al4V alloy, and (II) when the 
neck and stem are made from two different alloys, CoCrMo and Ti6Al4V alloy are 
presented. The study integrates two orthopedic patients who have undergone primary 
uncemented THA for usual indications in two orthopedic centers). Both centers are part 
of the national public health care system. Both surgeries were performed by two skilled 
orthopedic surgeons with more than 10 years of experience in THA. The survivorship 
of the modular neck of cast CoCrMo alloy was 24 months. The survivorship of the 
modular neck from Ti6Al4V alloy was 84 months. Advanced analyses were performed 
to assess the differences in the fretting, corrosion, and fatigue, using stereo light 
microscopy (SLM), scanning electron microscopy (SEM), X-ray energy-dispersive 
spectroscopy (EDS), and electron backscatter diffraction (EBSD). Patient demographic 
information, including sex, age, body mass index, survivorship of implants, and reason 
for the revision, was collected from medical records. The fretting and fatigue occurred 
on both modular stem retrievals, but the CoCrMo/Ti6Al4V alloy system suffered more 
corrosion due to additional galvanic corrosion and fractured earlier than the 
Ti6Al4V/Ti6Al4V metal alloy system. Both metallic alloy systems used in this 
application are known to be highly corrosion-resistant, but the bio-tribo-corrosion 
processes need to be understood in detail and characterized so that appropriate 
improvements in design and materials can be made. 
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1.    Introduction 

Modular neck stems were introduced to hip endoprosthesis with the expected benefits of 
reducing pain and improving the range of motion and leg length (Azar et al.,2016; Baleani 
et al., 2023; Ellma & Levine,2013). Besides classic stems, Wright Medical 
Technology/Microport, Stryker, Depuy, Lima Corporate, Zimmer, Adler Ortho, 
Cremasoli, and others are the recognized worldwide manufacturers of modular neck 
stems. The stems and the necks are available in different sizes and different neck angles, 
to tailor the implant to the individual patient. Increased implant modularity with modular 
necks made from Ti6Al4V and stems from the same alloy has generated interest in recent 
years because the various neck sizes, offsets, lengths, and design configurations allow the 
surgeon to optimize the range of motion and the patient’s leg length. However, there have 
been concerns due to early in vivo fractures as well as adverse tissue reactions related to 
corrosion at the neck–stem interface (Baleani et al.,2023; Ellman & Levine, 2013; Wright et 
al., 2010; McTighe et al 2015; Park et al., 2018; Solarino et al., 2021; Maniscalco et al., 2020; 
Castagnini et al., 2023; Goffton et al., 2017; Fokter et al., 2017; ). 
The presence of the neck–stem interface using titanium alloys makes the neck junction 
vulnerable to fretting, corrosion, and fatigue fracture. Several authors reported an early 
fracture of long modular necks made of Ti6Al4V alloy  ( McTighe et al 2015; Park et al., 
2018; Solarino et al., 2021;Maniscalco et al., 2020; Castagnini et al., 2023; Goffton et al., 2017; 
Fokter et al., 2017; Dolinar et al., 2018; Gorenšek & Jenko, 2018). Many of the femoral 
modular stems suffer from premature fractures after the total hip arthroplasty (THA) of 
the titanium alloy neck. Due to the results of in vitro investigations which presented better 
wear and mechanical properties, a cobalt–chromium–molybdenum neck was introduced 
(Castagnini et al., 2023; Goffton et al., 2017; Fokter et al., 2017; Dolinar et al., 2018; Jenko et 
al., 2018).  CoCrMo neck fractures have also been reported after only a few months of 
implantation (Dolinar et al., 2018; Gorenšek  & Jenko, 2018). Some reports have shown 
cases of fractured necks that could not be detracted from the stem pocket, requiring the 
replacement of the otherwise well-fixed femoral stems  (Baleani et al.,2023; Wright et al., 
2010;  Solarino et al., 2021;  Fokter et al., 2017; ). 
The main aim of our work was to investigate mechanisms of premature failure of two case 
studies due to the fracture of the long neck in two different metallic alloy systems: the same 
alloy (neck and stem are both made from the same Ti6Al4V alloy with a survivorship of 
84 months) and different alloys (neck made from CoCrMo alloy with better mechanical 
properties and a stem body made from Ti6Al4V alloy, with a survivorship of only 24 
months) ( Dolinar et al., 2018; Jenko et al., 2018; Gorenšek & Jenko, 2018; Soteranos  et al., 
2013; Viceconti et al., 1997;  Oladokun, et al., 2015; Gilbert et al., 1993). The research was a 
joint effort of orthopedic surgery clinicians and material scientists. 

 
2.    Methods 
2.1. Stereo Light Microscopy (SLM) 

A stereo light microscope, Tagarno FHD trend, was used for the visualization of the 

fractured surfaces of the Ti6Al4V modular neck and the Co-Cr-Mo modular neck. 

 

2.2. Scanning Electron Microscopy (SEM, SEM/EDS, SEM/EBSD) Analysis 

The morphology and microstructure of the fracture surfaces were analyzed using a 

scanning electron microscope, JEOL JSM 6500-F (JEOL Ltd., Japan). The SEM images were 

acquired using an accelerating voltage of 15 kV, with a current of about 500 pA and a 

working distance of 10 mm. Secondary electron and backscattered electron images were 

acquired. The elemental compositions of the samples were analyzed using Oxford INCA 

EDS analysis. The EDS spectra were acquired using a 15 kV and 1 nA beam, with an 

acquisition time of 60 s for each spectrum. The EDS spectra were analyzed using INCA 

Energy software to determine the elemental composition and distribution in the sample. 

Electron backscatter diffraction (EBSD) was also used to determine the type of carbides 

present in the microstructure. A Nordlys EBSD detector (HKL) and a Channel 5 data 

analysis suite were used. The EBSD patterns were acquired at 15 kV accelerating voltage 

and 2 nA current. 
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2.    Results  

Analysis of the surface and composition of the fractured surface of the two failed 
prostheses is shown in Figures 1 and 2. Figure 1 presents the modular neck stem made of 

CoCrMo (neck) and /Ti6Al4V (stem) alloys and  Figure 2 presents the modular neck stem 

made of the same alloy: Ti6Al4V (neck) and Ti6Al4V). 

 

Figure 1: SLM of the fractured surface of CoCrMo neck on the main inside image represents the mechanism of CoCrMo alloy 

modular neck fracture. The blue arrow indicates the crack initiation; Zone-A the corroded fractured surface with deposited 

biological material is shown in three SE images in three blue marked panels: the left panel A at lower magnification, the detail of 

fatigue fracture and cracked carbides at higher magnification, panel A in the middle, and cracked carbide at highest magnification 

in the right panel A. The red arrows show the direction of fatigue crack propagation in the location B1 and location B2. The fatigue 

striations were observed in SE images in areas marked in yellow, the microstructures details are shown in middle and upper panels. 

At Zone C, the fracture surface is very rough and angular. The fracture surface shows several secondary cracks that are perfectly 

straight and short. Next to these flat cracks, larger secondary cracks can be seen, which are branched and longer than the flat ones. 

The lower SEI shows the crack propagation, and the middle and upper SEI shows the details at higher magnifications. The SE image 

of Zone-D marked green, shows a sudden fracture. Zone-D in the right panel shows areas of EDS analysis of the fracture surface 

(yellow squares marked in the right panel). From (Dolinar et al., 2023).  
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Figure 2. (a) Image of different fractured surface regions of fractured Ti6Al4V modular neck; (a–b) yellow-marked region and yellow-

framed SE image of fatigue failure and with higher magnifications (b,d,e); (a,c) green-marked region and green-framed SE image 

with sudden ductile fracture. Organic deposits on fractured Ti6Al4V surface due to PE nanoparticle migration were found and visible 

as blue color (a). From (Dolinar et al., 2023). 

3. Conclusions 
The fretting, corrosion, and fatigue occurred on both neck–stem retrievals of the same 
(Ti6Al4V neck/Ti6Al4V stem) and different (CoCrMo neck/Ti6Al4V stem) metal systems. 
The cracked femoral neck made of CoCrMo alloy was dynamically loaded, exposed to a 
corrosive medium, and surrounded by a Ti6Al4V alloy with a different electrochemical 
potential. Due to the constant dynamic load and a combination of different materials in a 
corrosive medium, galvanic corrosion on the surface of the modular neck occurred.  The 
different-metal system made of CoCrMo/Ti6Al4V suffered more corrosion than the same-
metal system made of Ti6Al4V/Ti6Al4V alloy due to additional galvanic corrosion. The 
nature of the in vivo mechanisms causing the formation of the bio-tribo-corrosion 
processes needs to be understood and characterized so that appropriate changes in design 
and materials can be implemented. 
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