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Abstract
Metal-on-metal (MoM) hip replacements have proven 
to be a modern day orthopaedic failure. The early 
enthusiasm and promise of a hard, durable bearing 
was quickly quashed following the unanticipated wear 
rates. The release of metal ions into the blood stream 
has been shown to lead to surrounding soft tissue 
complications and early failure. The devastating de-
struction caused has led to a large number of revision 
procedures and implant extractions. The resulting re-
search into this field has led to a new area of interest; 
that of the wear at the trunnion of the prosthesis. It 
had been previously thought that the metal debris was 
generated solely from the weight bearing articulation, 
however with the evolution of modularity to aid surgi-
cal options, wear at the trunnion is becoming more ap-
parent. The phenomenon of “trunnionosis” is a rapidly 
developing area of interest that may contribute to the 
overall effect of metallosis in MoM replacements but 

may also lead to the release of metal ions in non MoM 
hip designs. The aim of this paper is to introduce, ex-
plain and summarise the evidence so far in the field of 
trunnionosis. The evidence for this phenomenon, the 
type of debris particles generated and a contrast be-
tween MoM, non MoM and resurfacing procedures are 
also presented.
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Core tip: Metal ions, derived from Metal-on-Metal (MoM) 
hip replacements have been a subject of interest 
since the catastrophic failure of this bearing surface. 
However, debris generation is not solely limited to the 
articulating surface, but can arise from the interface 
between the head and neck at the trunnion. Further-
more, it appears that the phenomenon of ‘trunnionosis’ 
is not limited to only MoM prosthesis, but to all modu-
lar designs and may therefore contribute to the prob-
lem of metallosis.
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INTRODUCTION
The devastating effects of  metal on metal hip arthroplas-
ty are well recognized and described in the literature[1,2]. 
The term adverse reaction to metal debris (ARMD) is an 
umbrella term that has been used to describe the effects 
of  metal ion deposition within soft tissues in the body. 
Patients who become symptomatic and develop ARMD 
frequently need revision of  their prostheses[3], whilst 
those who are asymptomatic but suffer with high serum 
metal ion levels represent a more controversial group to 
treat[4].
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Historically, early hip replacements consisted of  a 
non modular femoral head with a single neck option, 
the so called “monobloc”. This meant that restoring leg 
length and offset was difficult, and may have resulted 
in instability and abductor dysfunction. As a result, 
modularity was introduced into the design of  hip pros-
theses and has become increasingly common in the last 
two decades. Modularity can be exhibited at the junc-
tion between the head and the neck with the junction 
being made at the trunnion or the neck and the body. 
The neck head junction typically consists of  a trunnion 
which typically has a machined taper allowing for an 
interference fit. The taper interface is where the femoral 
head (female taper surface) attaches to the trunnion (male 
taper) of  the femoral stem. The attraction of  this degree 
of  modularity to the operating surgeon is clear. Armed 
with these options, alterations to the offset, version and 
length of  the final implanted device can be achieved in-
dependent of  the femoral stem fixation, thus restoring 
the hip centre[5].

A recent area of  interest involves the head and neck 
interface. The evidence is still unclear but there are con-
cerns that this extra junction between the head and the 
trunnion may be exacerbating the problem of  metal on 
metal replacements and may be a source of  metal wear 
debris. This potential wear process has been given the 
term “trunnionosis”. 

Metal on metal (MOM) hip replacements and hip 
resurfacing offer a useful model for the study of  trun-
nionosis. Since metal-on-metal revision procedures are 
now frequently performed, the retrieved prostheses are 
being sent for analysis at regional centres. This enables a 
thorough and detailed analysis of  the prostheses, includ-
ing the trunnion/taper sites, to be performed. Given 
that hip resurfacing and MOM hip replacements use 
the same bearing, but hip resurfacing has no trunnion 
or modularity, differences in metal wear debris can be 
compared between the two. The study of  trunnionosis 
has a potential impact on all modular hip replacement 
prostheses regardless of  the bearing surface used. 

The aim of  this paper is to present the early and 
growing body of  evidence to support the presence of  
wear debris generated from the taper junction and relate 
it to the clinical outcome.

WHAT IS THE EVIDENCE?
The use of  large diameter heads in total hip replace-
ments is thought to improve stability of  the articulat-
ing surfaces[6,7]. However in the context of  metal-on-
metal, it has been associated with an increased wear and 
subsequent failure rate[8]. Elkins et al[9] developed a finite 
element model to evaluate the relationship between 
implant stability and trunnion wear. The head/neck in-
terface consisted of  the tapered trunnion and head bore. 
When assembled on the trunnion, a moment arm ex-
ists between the center of  rotation of  the head and the 
trunnion contact pressure centroid. Stability, measured 

in terms of  femoral head subluxation, improved with 
increased diameter, although diminishing benefit was 
seen for size increases beyond 40 mm. By contrast, at 
the trunnion interface, unabated increase in stress was 
observed for femoral heads exceeding 40 mm, with the 
greatest effect seen for larger values of  head diameter. 
Linear wear at the trunnion interface demonstrated a 
similar dependence upon head size, accelerated wear 
observed for femoral head diameters exceeding 40 mm 
for both gait and sit-to-stand motions. This seemed to 
suggest that ex-vivo, large-diameter heads for MoM THA 
have a tendency to undergo deleterious wear generation 
at the head/trunnion interface, albeit with an associated 
improvement in construct stability. It also appeared that 
trunnionosis-inducing wear increased substantially for 
head diameters greater than about 40 mm.

Considering in-vivo evidence, there is a growing body 
of  evidence to suggest the presence of  trunnionosis. 
A study from Japan undertaken by Yoshikawa et al[10], 
sought to investigate the likely source of  the metal ions 
that led to adverse reaction to metal debris (ARMD) in 
ten out of  thirty eight revised MoM THRs. All ARMD 
cases showed metal debris-like deposits on head-neck 
junction on the trunnion and massive periprosthetic 
tissue scarring at time of  revision. Histological analysis 
and metal ion measurements confirmed that the peri-
prosthetic tissue necrosis occurred due to toxicity due to 
excess accumulation of  cobalt and chromium ion levels. 
Most interestingly, the energy dispersive X-ray spectrom-
etry findings suggested that the deposits resulted from a 
tribochemical reaction on trunnion rather than any other 
area of  the prosthesis.

Garbuz et al[11] performed a randomized clinical trial 
to compare outcomes and serum metal ion levels in two 
groups of  patients, one receiving the Durom femoral 
resurfacing component and the other group a large-head 
MoM THA (M/L Taper stem made of  titanium, with a 
large Metasu head via a Cr-Co alloy metal sleeve adapter 
and Morse taper in order to match the 12/14 taper of  
the stem. One of  the hypotheses was that since the ar-
ticulating portion of  these implants is identical, there 
should be no difference in serum metal ions between the 
two groups. They found that although both groups had 
raised metal ion levels, the levels were much higher in 
large-head metal-on-metal hip replacement group. One 
reasonable conclusion drawn was that the markedly el-
evated serum cobalt and chromium levels related to the 
two areas of  modularity for the attachment of  the femo-
ral head to the stem. 

Furthermore, Beaulé et al[12] performed a similar com-
parative study involving cohorts of  26 patients matched 
according to gender femoral head size and BMI. One 
group received a modular stem THA while the other 
group received a MoM hip resurfacing prosthesis. Once 
again, the acetabular components and bearing surfaces 
used in both groups were identical. Cobalt ion levels 
were significantly higher in the cohort of  patients who 
received a THA at 6, 12 and 24 mo. 
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Similar conclusions were drawn by Langton et al[13]. 
Their group analysed the 206 ASR hip resurfacing and 
51 ASR THA systems, each used with an identical ace-
tabular component. The THA head attaches to the stem 
via a cobalt-chromium taper junction in two sizes 11/13 
and 12/14. As the bearing diameter increased in the re-
surfacing group, there was a significant decreasing trend 
of  ion concentration. For the THA group, there was a 
non significant increase as bearing diameter increased. 
They speculated that the generation of  metal debris 
from taper junctions explained the poor performance of  
the larger sized THA joints and also the increased failure 
rates of  the smaller sizes relative to the pure resurfac-
ings. The patterns of  material loss suggested to them 
that the tapers were splayed open by mechanical forces. 

In a bid to quantify wear, corrosion and to determine 
the main mechanism of  material loss at the taper, a ret-
rospective study of  78 large metal-on-metal hip replace-
ments retrieved after revision was conducted by Matthies 
et al[14]. Corrosion was assessed using light microscopy 
and scanning electron microscopy (SEM). Evidence of  
at least mild taper corrosion was seen in 90% cases, with 
46% severely corroded. SEM confirmed the presence 
of  corrosion debris, pits and fretting damage. However, 
volumetric wear of  the taper surfaces was significantly 
lower than that of  the bearing surfaces (P = 0.015). They 
concluded that corrosion appeared to be the predomi-
nant mechanism of  material loss at the taper junction.

Langton et al[15] prospectively investigated the failure 
of  111 failed and explanted DePuy MoM THA. One 
hundred and four of  these (94%) had been revised sec-
ondary to adverse reactions to metal debris. On visual 
inspection, 38 of  the tapers (34%) showed no identifi-
able surface change. Volumetric and linear wear analysis 
showed little or no distinction between these tapers and 
the unused, sterile tapers used as a control. However 
the remaining 73 tapers were found to have clear visual 
surface changes, the patterns of  which were markedly 
similar. The investigating group noted an area of  signifi-
cant damage in a localised circumferential band that cor-
responded to the insertion of  the base of  the trunnion. 
The damage was so severe that in some cases it was pal-
pable. Proximal to this band, the trunnion had left an im-
print of  its machining grooves. Scanning electron micros-
copy images confirmed the above findings. Furthermore, 
the ridges formed by the trunnion grooves appeared 
flattened with multiple pits. These pits were localised, 
approximately ten microns in diameter and appeared to 
be partially filled with inclusion bodies. Further analysis 
showed that the pits were rich in chromium and the pres-
ence of  small amounts of  chlorides and oxides suggested 
that there was evidence of  local corrosion. The surface 
around these pits was identical to the manufactured alloy.  

Nassif  et al[16] assessed the trunnion taper junction of  
fifty large metal-on-metal retrieved implants to determine 
damage modes and severity of  wear. All had heads of  
greater than 40 mm. The female tapers were examined 
visually for gross wear and deformation and discoloration 

associated with oxidative wear was also recorded. Trun-
nion counterparts were further analyzed using a laser 
profilometry system to determine location and severity 
of  wear and to measure linear and then correlated to 
taper geometry and head size. They found that all taper 
types demonstrated discoloration consistent with corro-
sive damage, while gross mechanical damage was found 
in 16% of  examined tapers. Corrosive damage of  the 
trunnion interface was present on 58% of  implants dem-
onstrating circumferential discoloration of  varying sever-
ity. Implants that employed “11/13” taper geometries 
had a significantly higher evidence of  mechanical wear 
and toggling compared to “12/14”. Implants from all 
manufacturers demonstrated consistently high incidence 
of  oxidative wear. Patients with more severe tissue de-
struction (abductor damage and bone loss) had an 80% 
incidence of  corrosive wear at the trunnion junction. 
Less severe soft tissue damage was associated more with 
mechanical wear, but had only a 50% incidence of  corro-
sive wear. They concluded that taper-trunnion micromo-
tion and corrosion in large head MOM THA did not cor-
relate with head size however were significantly affected 
by trunnion taper geometries with “11/13” taper designs 
being more susceptible. Nonetheless, corrosive damage is 
present across all taper designs.

Meyer et al[17] also failed to find a correlation between 
head size and metal ion release. In a retrieval analysis of  
114 patients who had revisions of  large-diameter head 
MoM articulations, electrochemical reactions between 
the stem and adapter were performed. All patients pre-
sented with early clinical symptoms; 59 patients had 
radiographic signs of  loosening. However ninety-four 
percent of  patients had instability at the cone/taper in-
terface. Intra operatively, one hundred four patients had 
metal ion induced foreign body reactions and necrosis. 
The largest amounts of  metal released were titanium or 
iron. However, their analysis showed a risk for galvanic 
corrosion and loosening at the cone/taper interface.

A further retrieval study by Hexter et al[18], quanti-
fied taper corrosion in 161 failed MoM components 
(head components n = 128; femoral stem n = 33) from 
nine hip types with the use of  a qualitative subjective 
scoring system. They unexpectedly noted a region on 
the female taper surface that contained ridges that di-
rectly corresponded with the ridged microthread on the 
trunnion. The ridges were not present on unimplanted 
(control) female taper surfaces. Historically the ridged 
microthread was introduced to trunnions to minimise 
the risk of  burst fracture of  ceramic heads. They called 
this phenomenon “imprinting”. The corrosion and im-
printing scores were strongly correlated (r = 0.694, P = 
0.001). Corrosion was largely confined to the area of  the 
female taper interface where imprinting had occurred, 
at the region that had been in contact with the trunnion 
microthread. Scanning electron microscopy showed evi-
dence of  fretting corrosion and substantial mechanical 
wear within the ridged region on the female taper sur-
face. Their group proposed a process of  “mechanically-
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assisted crevice corrosion,” starting with joint fluid en-
tering the taper junction as a result of  pumping of  fluid 
along the machined microthread of  the trunnion. This 
results in galvanic corrosion of  the anodic surface (the 
cobalt-chromium femoral head or taper sleeve). The pat-
tern of  corrosion of  the head taper is determined by the 
surface profile of  the screw thread of  the trunnion, thus 
leaving an imprinted appearance. Thus they speculated 
that these ridges exacerbate the mechanical wear at this 
junction in metal-on-metal hip bearings. 

IS THIS A PROBLEM EXCLUSIVE TO 
MOM REPLACEMENT?
Wear at the neck/stem interface is not exclusive to MoM 
replacements, however due to the recent interest in this 
area, more attention has been given to this process. The 
effect of  trunnion wear is also evident with non metal-on-
metal bearing surfaces. Several studies have shown that even 
when using polyethylene inserts, there are still detectable 
levels of  metal ions within the blood, albeit at a much lower 
rate compared to that of  metal on metal bearing recipients. 
Using identical femoral and acetabular components, Mac-
Donald et al[19] randomised two groups of  patient to receive 
either a metal or a polyethylene acetabular insert. At a mini-
mum of  2 years, patients who had metal-on-metal inserts 
had on average a 7.9-fold increase in erythrocyte cobalt, a 
2.3-fold increase in erythrocyte chromium, a 1.7-fold in-
crease in erythrocyte titanium, a 35.1-fold increase in urine 
cobalt, a 17.4-fold increase in urine chromium and a 2.6-fold 
increase in urine titanium. Patients receiving a polyethylene 
insert had no change in erythrocyte titanium, urine cobalt, 
or urine chromium and a 1.5-fold increase in erythrocyte 
cobalt, a 2.2-fold increase in erythrocyte chromium, and a 
4.2-fold increase in urine titanium. 

Isaac et al[20]measured whole blood metal ion levels 
for a series of  ceramic-on-metal total hip replacements 
and compared them metal-on-metal prostheses. The 
median increase in chromium and cobalt levels at 12 mo 
was 0.08 μg/L and 0.22 μg/L respectively for the CoM 
bearings, compared to 0.48 μg/L and 0.32 μg/L for the 
MoM implants. These findings may suggest that even in 
patients with well functioning metal or ceramic-on-poly-
ethylene total hip replacements, metal ion release at the 
modular femoral head-neck junctions remains a source 
of  serum cobalt and chromium particle debris release.

HOW SIGNIFICANT IS THE WEAR DEBRIS 
DERIVED FROM THE TRUNNION?
It is beginning to become evident that material loss does 
appear to occur at the region of  the trunnion interface. 
The question still remains about the significance of  this 
debris produced. Hart et al[21] retrieved 53 large head 
metal-on-metal hip replacements and attempted to de-
termine the relative contributions of  the bearing and 
taper surfaces to the total wear volume. Volumetric wear 

of  the bearing surfaces was measured using a coordi-
nate measuring machine and of  the taper surfaces using 
a roundness measuring machine. They found that the 
mean taper wear volume was lower than the combined 
bearing surface wear volume (P = 0.015). On average 
the taper contributed 32.9% of  the total wear volume, 
and in only 28% cases was the taper wear volume greater 
than the bearing surface wear volume. 

IS IT THE SAME PARTICLES AS THAT 
DERIVED FROM THE WEIGHT BEARING 
SURFACE?
There is no clear evidence pointing to whether the wear 
particles generated at the taper are dissimilar to those 
generated at the weight bearing surfaces. However there 
does appear to be evidence to support the notion that 
taper derived particles may be more biologically active 
and destructive to soft tissues.

Langton et al[15] have reported data involving 369 
explanted metal-on-metal devices from various manu-
facturers from patients who all suffered with adverse 
reaction to metallic debris. Volumetric wear analysis of  
the bearing surfaces and taper junctions was carried out 
using a coordinate measuring machine. The relationships 
between total metallic loss and metal ion concentrations 
and the macroscopic and histological tissue appearance 
of  THA patients were compared to those in resurfacing 
patients. Resurfacing explants retrieved from patients 
who had suffered ARMD were found to have signifi-
cantly higher median rates of  volumetric wear than the 
THAs [10.16 vs 2.25 mm3/year (P < 0.001)]. Total volu-
metric material loss from taper junctions ranged from 
0.01 to 21.55 mm3. When volumetric taper wear was 
combined with bearing surface wear in the THR patients 
this total rate of  material loss was still significantly less 
than in the resurfacing patients 2.52 mm3/year vs 10.16 
mm3/year (P < 0.001). Despite this, macroscopic tissue 
destruction and extent of  ALVAL (aseptic lymphocyte-
dominated vasculitis-associated lesion) infiltration was 
found to be significantly greater in the THA patients. 
This may suggest that taper debris may be more able 
to more readily stimulate a destructive immune cascade 
than debris from primary bearing surfaces. 

Several of  the studies mentioned in this paper have 
also speculated that the material released at the taper 
may be more biologically active than that derived from 
the weight bearing surfaces[14,21]. 

HAS THE DESIGN OF MODERN PROS-
THESES CHANGED AND DOES THIS 
HAVE ANY SIGNIFICANCE?
A direct correlation between design changes to pros-
theses and trunnionosis is still unclear however several 
of  the studies already mentioned are noticing some 
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correlations that may be of  significant importance. 
Langton et al [15] have highlighted, in their opinion, 
several changes to the design of  large head metal-on-
metal hips that may contribute to the phenomenon of  
trunnionosis. Modern prosthetic designs tend to have 
a shorter and slimmer trunnions. This is thought to 
increase the impingement free range of  movement by 
reducing the trunnion skirt. This does however mean 
that the base of  the trunnion now sits very close to 
the taper which may lead to an increase in edge load-
ing at the trunnion base. In addition, the slimmer and 
smaller diameter taper means that the surface area of  
contact between the taper and the trunnion is less. This 
may reduce the chance of  a successful interference fit 
and thus increase the potential for micromotion as also 
concluded by Nassif  et al[16]. Another change in mod-
ern trunnion design in that most tend to have a ridge 
surface machined into the material to accommodate 
ceramic heads. As shown by Langton et al[4] and Hexter 
et al[18], these grooves leave imprints on the majority of  
tapers and thus increase wear rate and material loss. 
This could also lead to increased corrosion. 

CONCLUSION
Despite contributing less to the total material loss than 
the bearing surfaces, the head-stem taper junction ap-
pears to represent an important source of  implant-
derived wear debris. Analysis of  metal ion levels in THA 
appear to be higher than hip resurfacings with compa-
rable acetabular designs, Evidence is growing following 
analysis if  the retrieved prostheses show clear patterns 
of  material loss at the taper/trunnion junction, which is 
likely to involve corrosion. It has been speculated that 
the material released may be more biologically active 
than that from the bearing surface. What is certain is that 
as further analysis is undertaken, the significance or not 
surrounding the process of  trunnionosis will become 
clearer.
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