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Stem migration and fretting corrosion of the anti-rotation pin in the K2/Apex 1 

hip system   2 



 2 

Abstract 3 

 4 

Background 5 

Many exchangeable neck hip systems have been withdrawn due to fretting corrosion 6 

at the neck/stem coupling. 7 

Method 8 

Our prospective randomized study evaluating stem stability (RSA, DEXA) and clinical 9 

outcomes between the K2/Apex hip systems was ceased early due to a withdrawal of 10 

the stems which had an unfavorably high early revision rate reported in the 11 

AOANJRR (9.3% at 3 years).  12 

 13 

Results 14 

 15 

At 2 years, there are no clinical differences between the stems. RSA has identified a 16 

high proportion of potentially concerning subsidence and retroversion in both groups, 17 

more marked in the K2 stem, although mostly in asymptomatic patients. DEXA has 18 

shown similar bone density around the stems. Retrieval analysis of three study 19 

patients showed fretting corrosion of the anti rotation pin and ALVAL, with no 20 

relationship to bearing type or size. Analysis of seven further non-study K2/Apex 21 

stems confirmed similar corrosion 22 

 23 

Conclusion 24 

This study shows potentially concerning subsidence of both stems and is the first to 25 

describe corrosion at the neck-stem interface, and a relationship to metal-related 26 

pathology. 27 

 28 

  29 
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1  Introduction 30 

 31 

Modularity is a crucial part of modern hip surgery, offering the surgeon multiple 32 

options to restore the hip centre and adjust offset, version and leg length, recreating 33 

the patients anatomy, achieving soft tissue balance and providing stability. Following 34 

the successful advent of modular heads, systems offering an exchangeable neck 35 

with a further modular junction at the neck/stem interface were introduced. This 36 

provided a plethora of reconstructive options to the surgeon, enabling reconstruction 37 

of the hip centre, leg length and offset, independent of stem sizing. As such, the 38 

majority of manufacturers introduced systems offering exchangeable necks (1). The 39 

Australian Orthopaedic Association National Joint Registry (AOANJRR) has recorded 40 

over 8,500 procedures using this class of prosthesis (2). 41 

 42 

Global Orthopaedic Technology (GOT, Sydney, Australia) produced two modular 43 

uncemented femoral stem systems with exchangeable femoral necks, in combination 44 

with either a dual longitudinal taper/rectangular cross-section (the K2 stem) or a 45 

proximally coated (Cp-Ti) fluted stem (the Apex stem). Both systems were all-46 

titanium except for a ‘Dual-Press’ modular connection at the stem/neck interface with 47 

a male-female coupling which incorporated a cobalt-chromium anti-rotation peg (See 48 

Figures 1, 2 and 3). This was hypothesized to reduce gapping between the 49 

components, evenly distribute forces and reduce the risks of failure of the neck. The 50 

anti-rotation peg was manufactured of cobalt-chromium to prevent the possibility of 51 

cold-welding between all-titanium components, which could complicate potential 52 

revision surgery. 53 

 54 

The AOANJRR reported the proportion of procedures using exchangeable neck 55 

systems peaked in 2010 at 6.6% of all primary total conventional procedures, and 56 

decreased to 2.2% in 2013. In 2012, the K2 stems were voluntarily withdrawn from 57 
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the market by GOT following the AOANJRR report which showed a cumulative 58 

percent revision of 5.5% at 1 year and 9.3% at 3 years post implantation, with 4.6 59 

revisions per 100 observed years for the K2/Apex systems (with the majority of 60 

revisions being K2 stems) (3). Revisions were mainly undertaken for loosening of the 61 

femoral component, but also as part of revision for fractures around the acetabular 62 

component (removal of the exchangeable neck facilitated acetabular access and 63 

counted as a femoral revision). The K2/Apex had a higher cumulative percent 64 

revision compared to all other conventional hip replacements, (1.6% and 2.8% at 1 65 

and 3 years). 66 

 67 

The AOANJRR has recorded that the most common reason for revision of these 68 

prostheses was for loosening/lysis, and the higher rate of revision was common to all 69 

head/liner bearing surfaces. Metal related pathology was the second most common 70 

of five reasons for revision. This correlates with several studies highlighting concerns 71 

about fretting corrosion at the stem/neck interface and subsequent metallosis/ALVAL 72 

related problems (4 -19) 73 

Prior to the above data being available, in 2009 we began a prospective randomized 74 

clinical outcome study pertaining to the bony integration characteristics of the K2 and 75 

Apex stems. Validated hip scoring systems were used to assess clinical outcomes 76 

and Dual Energy X-ray Absorptiometry (DEXA) and Roentgen 77 

Stereophotogrammetric Analysis (RSA) were used to assess bone remodeling, 78 

migration patterns, and rotational stability (24-28). However, due to the Therapeutic 79 

Goods Administration (TGA) recall of the stems in 2012 (3), recruitment to the study 80 

was ceased, with 95 patients enrolled.  81 

 The primary outcome measure of this study was to measure migration at 2 years 82 

using RSA.  Secondary outcomes were to present retrieval data from this study and 83 
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a further cohort of non-study patients whose K2 and Apex stems were sent for 84 

analysis following revision.    85 

 86 

2  Methods 87 

 88 

Following institutional ethics review board approval, patients were recruited for the 89 

study from outpatient clinics from September 2009 and were randomized 90 

preoperatively by computer to receive either the K2 or Apex stem (See Figure 4 for 91 

patient flowchart). Surgery was performed by the senior author, via a mini posterior 92 

approach. Intra-operatively, 4-5 RSA beads were inserted into the femur around the 93 

stem. Post-operatively, patients underwent a standardised exercise rehab protocol. 94 

They were followed up for a minimum of 24-months following surgery, with 95 

assessments undertaken pre-operatively and at 6 weeks, 3 months, 12 months and 96 

24 months post-surgery. At these time points each patient completed a Harris Hip 97 

Score (HHS), Oxford Hip Score (OHS) (23), and SF-12. A subset of 30 patients (15 98 

K2 and 15 Apex stems) were assessed using standard and stress RSA films and 99 

DEXA scanning to assess prosthesis migration and bone density in different Gruen 100 

zones, respectively. 101 

At the time the study was ceased in 2012, 95 patients had been recruited all of which 102 

had undergone surgery. The patients were informed by letter of the withdrawal of the 103 

stem from the Australian marketplace.  104 

Complications were recorded (stratified into surgical, medical and implant related 105 

groups). For patients that underwent revision surgery, symptoms, metal ion levels 106 

and clinical findings were recorded, and retrieved implants were sent for analysis to 107 

the Centre for Implant Technology and Retrieval Analysis (CITRA) at Royal Perth 108 

Hospital. 109 
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2.1 Retrieval Analysis 110 

In addition to the implants retrieved from this study (n=5), all additional K2/Apex 111 

implants (n=7) sent to CITRA were analysed to correlate common failure modes and 112 

add to the data set.  113 

In these cases, analysis was undertaken using a stereomicroscope (Leitz MZ10; 114 

Leitz, Wetzlar, Germany) at a maximum 40 times magnification to determine any 115 

degradation mechanisms of the retrieved components. In addition to general 116 

observations, corrosion was assessed with regards to the pin-hole in the neck 117 

component and generalised corrosion of the mating surfaces was assessed.   118 

 119 

Scanning Electron Microscopy was carried out using a JCM 6000 (JEOL, Japan) 120 

which had the capacity to conduct Energy-dispersive X-ray Spectroscopy (EDS).  An 121 

entire neck section was analysed to determine the extent of corrosion in the pin 122 

location hole and on the mating surfaces.  A separate pin was sub-sectioned from a 123 

retrieved stem in a manner so not to disturb the pin-stem interface and then placed 124 

into the SEM and analysed.   125 

 126 

Metal-ion levels in retrieved tissue were analysed by an external NATA (National 127 

Association of Testing Authorities, Australia)  registered laboratory using inductively 128 

coupled plasma atomic emission spectroscopy (ICPAES) and reported levels were in 129 

parts per million (ppm). 130 

 131 

2.2 RSA 132 

Translation was measured in mm in relation to the initial post-operative X-ray 133 

performed 2-5 days after surgery. Motion in all three planes was assessed: x 1⁄4 134 

mediolateral (medial positive), y 1⁄4 craniocaudal (proximal positive), z 1⁄4 135 
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anteroposterior (anterior positive). Rotation was assessed in degrees from initial 136 

post-operative X-ray: clockwise (þve) and anticlockwise (eve) around the 137 

translational axis x, y and z. In addition to standard RSA films undertaken in the 138 

subset of 30 patients at 2-5 days and 3, 12 and 24 months post-surgery, patients 139 

also underwent stress RSA films at 3, 12 and 24 months. Stress RSA were 140 

performed to show instantaneous movement when loading the prosthesis to 141 

demonstrate primary stability, whereas standard RSA were performed to 142 

demonstrate secondary stability (22-27). 143 

2.3 Statistical Analysis 144 

A priori power calculation was undertaken and for a two-sample comparison of 145 

means (at alpha 0.05, with a moderate effect size of 0.5 and power at 0.9) a sample 146 

size of 120 for each group was estimated. An additional 10 (8%) patients were added 147 

to each group for attrition. Therefore, the planned total number of patients required 148 

were 130 for each group, 260 in total. 149 

Initially, dependent samples t-tests were used to investigate any differences in 150 

patient demographics (i.e. age, height, weight, body mass index, length of hospital 151 

stay, surgical time) between the two groups (K2 and Apex stems). A repeated 152 

measures analysis of variance (ANOVA) design was employed to investigate the 153 

progression of clinical, DEXA and RSA outcomes between the two groups (K2 and 154 

Apex stems) and, in the occurrence of significant main or interaction effects, 155 

independent t-tests were used to investigate differences in each dependent variable 156 

at the specific assessment time points. Statistical analysis was performed using 157 

SPSS software (SPSS, Version 17.0, SPSS Inc., USA), while statistical significance 158 

was determined at p<0.05. 159 

 160 

  161 



 8 

3  Results 162 

 163 

3.1 Patient/Implant Demographics 164 

There were no significant differences (p>0.05) observed between the two groups at 165 

the time of surgery, in any of the patient (age, weight, height, body mass index) or 166 

surgical (length of hospital stay, surgery time) descriptive parameters. All patients 167 

received a Trilogy uncemented acetabular shell and lipped Longevity polyethylene 168 

liner (Zimmer, Warsaw, Indiana), with mode and median shell sizes of 56mm (48mm-169 

62mm). Ninety patients received a 32mm ceramic on polyethylene bearing, with shell 170 

sizes less than 50mm receiving a 28mm head and shell sizes over 60mm receiving a 171 

36mm head. Two patients received a Cobalt Chromium head. 172 

 173 

3.2 Clinical Scores 174 

There was a significant improvement (p<0.05) in both groups for the OHS and HHS 175 

throughout the post-operative time line, though no significant (p>0.05) group or 176 

interaction effects for any of the clinical scores between stem groups. 177 

 178 

3.3 DEXA Scores 179 

While a significant change (p<0.05) was observed over time for G1 and G2, there 180 

were no further time effects for the other gruen zones, while there were no significant 181 

(p>0.05) group differences (Table 1). 182 

 183 

3.4 RSA 184 

At 3 months mean subsidence (K2 v APEX, N=23) was 1.30 v 1.97 mm (p=0.42) and 185 

mean retroversion was 2.92 v 3.52 deg. (p=0.82).  At 12 months mean subsidence 186 

(K2 v APEX, N=20) was 1.93 v 2.10 mm (p=0.87) and mean retroversion was 4.09 v 187 

1.68 deg. (p=0.42). At 24 months mean subsidence (K2 v APEX, N=19) was 3.47 v 188 

2.09 mm (p=0.42) and mean retroversion was 6.87 v 1.81 deg. (p=0.30), although 189 
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these are significantly skewed by a subset of major migrators (K2 max subsidence 190 

18.56mm, retroversion 46.08 deg., APEX max subsidence 5.12mm, retroversion 7.97 191 

deg.) and median subsidence was 1.56 v 2.04 mm (K2 v APEX). Stress views 192 

suggest instability in a small number of stems and correlates with migration and 193 

retroversion, although no significant difference is seen between groups and overall 194 

stability on stress appears good. 195 

 196 

3.5 Adverse Events, Metal Related Pathology 197 

A total of 17 patients incurred complications (Table 4). The incidence of femoral stem 198 

loosening was 2.2%, with a cumulative revision rate of 1.1% (this is lower than the 199 

reported rate in the AOANJRR). Two patients underwent two-stage revision surgery 200 

for deep infection (Table 4), involving debridement, implant removal, insertion of an 201 

antibiotic spacer and antibiotic therapy.  202 

 203 

Early on in the study, one stem was revised for subsidence of 18mm. This patient 204 

had a 32mm ceramic on polyethylene bearing and normal inflammatory markers. 205 

Unexpectedly at revision, thick, necrotic, pale coloured synovial tissue was 206 

encountered, with an associated effusion. Macroscopically the trunion was normal. 207 

Proximal bone stock was poor and so a distally fixed long stem uncemented 208 

prosthesis was used (ZMR, Zimmer, Warsaw, Indiana). Specimens were sent for 209 

culture and histopathological analysis, and no infection was seen. Histopathology 210 

showed hyperplastic reactive synovitis, with prosthetic wear reaction and dense 211 

perivascular lymphocytic inflammation consistent with aseptic lymphocyte-dominated 212 

vasculitis-associated lesion (ALVAL). Retrieval analysis was undertaken on the 213 

components and fretting corrosion of the anti-rotation pin and the trunion was noted. 214 

Metal ion analysis showed elevated cobalt (70ppm) and chromium (28ppm), 215 

suggestive of corrosion. 216 

 217 
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In view of these findings, two further patients with unexplained pain and raised cobalt 218 

levels underwent exploration, sampling, and head/liner exchange to ceramic on 219 

polyethylene bearing. At surgery, both cases had normal superficial tissues, with an 220 

encapsulated sterile ‘milky’ effusion and white necrotic synovial material as described 221 

by Molloy et al (4). There was no bone loss and the femoral and acetabular 222 

components were well fixed. Histopathological analysis showed similar findings to 223 

the index case suggestive of ALVAL, and a similar serum metal ion profile suggestive 224 

of corrosion (Table 5).   225 

 226 

Subsequent additional analysis of a series of seven further retrieved K2 or Apex 227 

stems (Table 5) confirmed evidence of fretting and corrosion at both the anti-rotation 228 

pin and the trunnion in patients with COP/COC bearings, with a variety of different 229 

head sizes (28mm, 32mm, 36mm, mode 32 mm). 230 

 231 

At three year follow up, all other study patients, including the two trial patients with 232 

metal on polyethylene bearings and four further patients with different bearing sizes 233 

(36mm (n=3) and 28mm (n=1), implanted due to acetabular size) are asymptomatic, 234 

with no features on plain radiograph to suggest significant loosening or lysis.  235 

 236 

4 Discussion 237 

 238 

We report our experience of the K2/Apex uncemented femoral stem systems for 239 

primary total hip arthroplasty, including an RSA comparison and functional scorings. 240 

These stems were withdrawn from the market during the timeframe of this 241 

randomized control trial, and as such the study is incomplete (3). In our series, only 242 

one patient was revised for stem loosening over this three-year period (1.1%). 243 

Additionally two of our patients underwent exploratory surgery for metal related 244 

pathology (which involved a synovectomy and head exchange). One patient was 245 
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revised for limb length discrepancy, two patients for infection and one for a 246 

periprosthetic fracture, making the total revision rate 6.3% at three years. 247 

 248 

We acknowledge that, for the clinical score analysis and the RSA, the study is 249 

underpowered, as the stems were withdrawn from the market during the study 250 

period, preventing further recruitment, a factor which was out of our control.  251 

Similarly, 8 patients were lost to follow up (9%). 252 

 253 

4.1 Stem stability 254 

 255 

The accuracy and prognostic importance of RSA is well documented. It is also known 256 

that stems often migrate within the first 6 months and then stabilise and this has no 257 

effect on long term stability (23-27). 258 

Migration in both groups was found to be considerable in the first 3 months, 259 

acceptable providing adequate biomechanics are maintained and subsequent 260 

stabilization occurs. Both groups do however show potentially concerning 261 

subsidence and retroversion in several patients between 3 and 24 months, 262 

particularly in the K2 group, although the study is underpowered to show a 263 

statistically significant difference between stems due to the early withdrawal. 264 

Subsidence did not generally correlate with clinical scores, which are good overall in 265 

both groups. Our current revision rate for loosening (1.1%) is lower than that in the 266 

AOANJRR. 267 

 268 

4.2 DEXA 269 

Analysis using DEXA employed the well established 7 Gruen zones. There was a 270 

significant time effect (p<0.05) from pre-surgery to 24-months post-surgery for zone 271 

G1, indicating significant change in bone-mineral concentration over the period. 272 
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While G1 increased in both stems, G2-7 decreased over the period. There were no 273 

further significant time, group or interaction effects over the period, for any of the 274 

other Gruen zones 275 

 276 

The DEXA scanning revealed that the bone density was maximal preoperatively. 277 

Post-operatively in every zone the density was returning to preoperative levels, 278 

however none of the zones reached preoperative levels during the study period. 279 

There did not seem to be a major predilection for certain zones to increase in density 280 

more than others. When analyzing data at the 2 year mark and comparing both 281 

stems, the Apex had increased density in Zone G1,2,6,7 compared to the K2 282 

suggesting more proximal loading, whereas the K2 had higher density in zones 283 

G3,4,5 suggesting more distal loading than the Apex. This may suggest that the 284 

differing stem design does have a bearing on the functional loading of the bone, 285 

however we believe that a longer study period is required to see any obvious 286 

changes in bone mineral density. This finding was similar to published series (at 287 

longer follow up) indicating increased distal density in an all-covered stem (22). 288 

Repeated examination with DEXA at longer follow up (e.g. at ten years) may provide 289 

more information as to the longer-term differences between these stems.  290 

 291 

4.3 Metal Related Pathology 292 

 293 

The initiator for the investigation of corrosion of the stems was several of the study 294 

patients who presented with suspected Metal Related Pathology (MRP).  In particular 295 

one of these patients recorded elevated metal ion levels in the tissue accompanying 296 

the retrieved device, specifically chromium (28ppm) and cobalt (70ppm), which was 297 

unusual in the context of a ceramic-on-poly articulation.  The elevated levels raised 298 

the question as to where the cobalt and chromium were emanating from given that 299 
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the Apex components are of a titanium alloy and a ceramic modular head was used.  300 

Closer scrutiny revealed the counter rotation pin to be cobalt based which was 301 

confirmed using SEM EDS analysis. These metal ion levels were not as high as the 302 

levels seen in the ASR series, and the ratio of values were more suggestive of 303 

corrosion rather than fretting (29). 304 

 305 

SEM analysis revealed three distinct corrosion areas in the modular device.  Crevice 306 

corrosion was found to be associated with the pin inserted into the stem and in some 307 

cases was associated with ‘greeny’ deposits adjacent to the point of pin insertion.  308 

Such deposits are often found in modular cobalt based arthroplasty devices and are 309 

known to be a form of chromium orthophosphate corrosion product which has been 310 

associated with adverse tissue responses, including ALVAL.   Correspondingly there 311 

was crevice corrosion with fretting in the pin-hole of the neck (See Figures 5 and 6).  312 

Fretting occurs due micro-motion of the mating surfaces and prevents repassivation 313 

of the titanium oxide layer which is essential in preventing corrosion of the 314 

component.   315 

 316 

The third area of corrosion was found to be on the planar mating surface of the stem 317 

and the neck component (Figure 7).  Pitting and generalised corrosion of the 318 

surfaces is not atypical in a device which uses compression fitment of the mating 319 

surfaces resulting in an oxygen depleted zone and the potential for oxide layer 320 

breakdown and subsequently generalised corrosion.  321 

 322 

Adverse tissue responses to metal ions are not uncommon and it is well documented 323 

that corrosion of cobalt chromium alloys can lead to adverse tissue responses 324 

including ALVAL.  In this hip system the use of a cobalt chromium anti-rotation pin in 325 

a titanium device has resulted in crevice corrosion at the pin stem interface, and 326 

fretting corrosion fretting at the corresponding neck location hole.  This has likely 327 
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contributed to the three patients presenting with pain, tissue staining, granulation and 328 

ALVAL. 329 

 330 

All retrieved implants were combined with a ceramic head. Bearing size and type 331 

(ceramic on polyethylene or ceramic on ceramic) did not appear to have an effect on 332 

the presence of corrosion at the trunnion or at the anti-rotation pin in the retrieval 333 

analysis. Only study patients had sampling for histopathology and we are unable to 334 

comment on the presence of ALVAL in the non-study retrival patients, but corrosion 335 

of both the trunnions and anti-rotation pins were present in the majority of retrieves 336 

implants. 337 

 338 

To date, none of the ninety residual trial patients exhibit any features suggestive of 339 

metal related pathology (pain, unexplained loosening or lysis, soft tissue masses). 340 

However, it is planned to investigate these patients with serial plain radiographs, 341 

metal ion levels and Metal Artefact Reduction Sequence MRI to further assess for 342 

the presence of metal related pathology (lysis/pseudotumour/ALVAL). 343 

 344 

5 Conclusions 345 

 346 

The K2/Apex modular hip system offers a wide range of reconstructive options, with 347 

similar properties in terms of osteointegration, subsidence and function.  The revision 348 

rate for loosening in this series was lower than quoted in the AOANJRR, however 349 

several stems show significant and continuing migration on RSA associated with 350 

increased risk of revision.  Based on DEXA analysis there were differences in the 351 

loading characteristics of the stems, with increased proximal bone mineral density in 352 

the Apex stem, compared with distal with the K2 stem.  353 

 354 
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This is the first description of metal related pathology relating to corrosion of the anti-355 

rotation pin used in the modular coupling of this hip system, in the presence of a 356 

ceramic on polyethylene bearing. 357 

 358 

Patients with this hip system who experience pain and elevated metal ion levels 359 

should be carefully followed and may require further investigation.  360 
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