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ABSTRACT

INTRODUCTION

40mm large diameter heads offer the advantages of lesser dislocation rates and better stability
while highly cross linked polyethylene have lower wear rates than ultra high molecular
weight polyethylene. Studies of the survivorship of 40mm heads in hybrid hip replacements
with Exeter stem and second generation highly cross linked polyethylene are limited. The
purpose of the study is to report the short term of survivorship of the large diameter heads
(40mm) with Exeter stem with the secondary aim being the survival analysis of the thinnest

second generation highly cross linked polyethylene.

METHODS

Retrospective case series of survivorship of patients with hybrid hip replacements of Exeter
stems with 40mm heads articulating with second generation triple annealed highly cross
linked polyethylene liner on a uncemented acetabular shell was performed. As a subset,
survival of thinnest second generation highly cross linked polyethylene survival (3.8mm) at
short term was assessed. Survival of the implants was confirmed from the hospital records

and National joint registry as of 2015. Revision for any cause was taken as end point.

RESULTS

324 hybrid hip replacements with 40mm heads had been performed for primary hip
osteoarthritis. Of the 324 hip replacements, 154 hip replacements had thinnest second
generation highly cross linked polyethylene (3.8mm). Two patients had revision of
components, one for periprosthetic fracture and one for deep infection. Mean age of the
patients was 70.5 years (range 42-88 years, median 71, SD 8.3 years). None of the patients

had revision due to trunion wear or loosening of components. The overall 5-year implant



survival probability of hips with 40mm heads was 99.4% (95% CI 98 to 100%) while the
subset group of hip replacements with thinnest second generation highly cross linked
polyethylene (3.8mm) had 5-year implant survival probability of 99.3% (95% CI 97.1 to

100%).

CONCLUSION

Short term survivorship does not show significant evidence of early failure or higher rate of
revision in our series of hybrid hip replacements with large diameter heads and second
generation triple annealed highly cross linked polyethylene. Dislocation rate at the short term
is none. Results from this series have to be carefully interpreted due to the relatively short
follow up but so far results are encouraging. Long term follow up is required to conclude
whether there is early or higher rate of failure. It is our intention to follow up this cohort and

further publish our results at longer term.

Keywords: Large diameter heads, highly cross linked polyethylene, sequentially processed

polyethylene, second generation HCLPE, Revision, Low Failure

INTRODUCTION

Around 700,000 hip replacements and 80,000 revision hip replacements have been performed
since 2003 according to the 2015 Annual Report of the National Joint Registry(1). With
better understanding of material properties and development of manufacturing principles, hip
components continue to evolve. The NJR Annual Report for 2015 shows an increase in
(1)hybrid hip replacement. The use of large diameter heads has increased due to
(2,3)favourable evidence in the recent years. Metal on polyethylene articulation accounts for

87.8% of all cemented hip replacements performed, but only 37.6% of uncemented hip



replacements and 63.9% of hybrid hip replacements have metal on polyethylene

articulation(1).

Though pain relief had been the primary aim of hip replacement for arthritis, stability,
better range of motion and longer survival of prostheses are being sought as younger patients
with arthritis are being treated and older patients are more active and have better life
expectancy. When boundaries are pushed, new problems are encountered. For instance, not
long ago, there was an upsurge towards metal on metal articulation to prevent wear, hailed as
a next step in improved articulation. Fast forwarding, new problems in the form of metal
debris with subsequent ALVAL reaction and pseudo tumour resulted in less than 1% hip

replacements being performed with metal on metal articulation as per NJR 2015(1).

Large diameter heads have higher wear rates due to their larger sliding distances(4,5).
Success of Charnley's low frictional torque arthroplasty(4,5) is due to the use of smaller
22mm diameter heads, as the higher frictional torque generated by the larger heads due to
increased sliding distance caused higher wear of the polyethylene manufactured in Charnley's
era, resulting in early loosening of the components. The disadvantage of the smaller heads
has been the dislocation and reduced primary range of motion. With the availability of highly
cross linked polyethylene with presumed better wear properties, orthopaedic surgeons around
the world have been increasingly using larger heads to achieve better primary arc range of
motion and stability and to reduce dislocation rate. Recent studies from the joint registry(6)
has shown no higher rate of failure when large diameter heads were used with highly cross
linked polyethylene. Recent evidence(7—11) have shown satisfactory clinical outcome with

low dislocation rate, better range of motion, improved stability with large diameter heads.

Improvement in the manufacturing of polyethylene and the production of highly cross

linked polyethylene has aided production of polyethylene with superior wear property,



facilitating the use of larger heads. Compared to ultra high molecular weight polyethylene
(UHMWPE), the highly cross linked polyethylene (HCLPE)(12—17) is considered to have
better surface wear properties and has a larger surface hardness, making it more scratch
resistant and is proven in (18)clinical studies as well. The first generation HCLPE(19-22) has
shown satisfactory clinical performance with good midterm survival and satisfactory

survival with (2)large heads.

The production of HCLPE is now in the second generation with different
manufacturers having different principles producing HCLPE with different mechanical
properties, although their effect on the tribological properties of the bearing surface is
questionable(23). (24)In vitro studies show similar properties of first and second generation
HCLPE in molecular structure and mechanical properties. (25)In vitro studies show that
HCLPE was better in withstanding higher frictional torque when 40mm heads were used than
conventional UHMWPE. Though HCLPE shows less wear, clinical studies have shown that
it is not better than conventional PE when osteolysis or wear-related revision rates are

compared(21,26).

X3 HCLPE (Stryker, USA) is produced by the second generation manufacturing of
sequential processing, whereby the process of irradiation and low heat annealing is done three
times. By sequential (triple) annealing or heating and cooling three times to sub melting
temperature, (27)cross linking is aided and free radicals are abolished to a low level at which

they do not cause polyethylene scission, strongly reducing (27)the possibility of oxidation.

By improving the wear properties of polyethylene, thinner liners can be used against
the large diameter heads. The minimum thickness of triple annealed highly cross linked
polyethylene to prevent significant wear is unknown, but evidence of fractures of early

generation HCLPE when its thickness was less than 4.8mm at the rim have been



reported(28). On the other hand, the locking mechanism of the thinner first generation
HCLPE when used with large diameter heads are considered strong enough, without major
concern (29). The safety of the thin liners has been questioned but current (30)clinical

evidence and (31)laboratory studies supports satisfactory survival at short term.

With the increase in uncemented acetabular shells for fixation and large femoral
heads(1,6), the thickness of the liner plays an important role for two reasons. It is extremely
difficult to determine the progress of the wear radiologically as the metal shell’s shadow
overlaps the liner and even if there was a significant wear, an uncemented shell may not show
significant evidence of loosening until late. Second, if the polyethylene wears out completely,
the Co-Cr metal head will start to articulate with the titanium metal shell, generating large
amounts of metal debris potentially causing a metal adverse reaction and pseudo-tumour

formation if the polyethylene wear is not detected early.

Evidence for the satisfactory survival of second generation HCLPE in the short to
midterm has been published in recent years(12—15,32—34) but survival of a very thin liner
alone has not been reported to our knowledge. Though retrieval studies have shown evidence
of oxidation in annealed HCLPE(35), no correlation between oxidation and clinical failure
has been found. Although biomechanical changes in the HCLPE(36,37) have been noted,

whether these will translate to a clinical early failure is unknown.

With modular hip systems, there is a concern from secondary articulating surfaces
between the trunion and femoral heads(38—45). The trunion is a morse taper and the head is
wedged on to the trunion. No motion should occur between the surfaces but in reality it is
difficult to prevent the micro motion. The micro motion in the smaller heads is not of major
concern as the frictional torque generated at the surface is low. As frictional torque is directly

proportional to the radius of the head, larger the head, higher is the frictional torque. As the



articulation surfaces are metal, the higher frictional torque generates metal debris. Multiple
factors like design of the trunion, improper seating of the head, head diameter, metal surface
roughness, hardness, soft tissue stiffness, patient factors, time from the index procedure(46—
50)can influence the trunion related metal debris and wear. The major concern is the metal
debris from trunion (38—40,51) causing a metal reaction in the form of ALVAL formation or
pseudo tumour formation and early failure of the implants. The diagnosis is difficult though
recently it had been noted that (52)elevated cobalt levels compared to chromium levels is
suggestive of trunion wear. Corrosion from the trunion has also been a concern when large
diameter head articulating with a small trunion(38,39,41,49,53) but recent retrieval study has
shown the head size(50) has no effect on corrosion. Apart from higher frictional
torque(38,51,53), corrosion can also be a cause for metal ion release and metal debris. Head
length(41,42), size, material (46—48,54) are thought to influence the fretting and corrosion at
the trunion. Though highly cross linked polyethylene has a better wear rate(55), recent
evidence has shown higher volumetric wear with large diameter heads. Finite element
analysis(44) has shown increase wear potential from trunion with large diameter heads. There
has been conflicting evidence questioning the use of large heads with advantages and
disadvantages, especially, in relation to trunion wear(33,56,57). There have been concerns
due to trunion wear for a long time(40—42,45,53,58,59) with case reports, systemic reviews
and retrieval studies being published on failure requiring revision and metal reaction due to
debris from trunion articulation. As far as we are aware there are no major clinical studies
with large number of patients to suggest the revision rate is higher in an Exeter stem with

large diameter head.

The Exeter double taper collarless polished stem is one of the most common
implant(1) to be implanted in United Kingdom. The Exeter V40 Taper is a patented design of

the Exeter stem and is unique. The material property, design, size, trunion angle are different



from other manufacturers and it is unclear whether large diameter 40mm heads have a
negative outcome. Recent studies on the blood metal ion levels from Exeter stem has shown
no major concern when used with 36mm heads(60). The thinnest second generation highly
cross linked polyethylene (3.8mm) is implanted on a 50 or 52mm trident uncemented
acetabular shell (Stryker, USA) and will articulate with a 40mm heads while the liners in the
smaller shells less than 50mm will only articulate with 36mm heads and are thicker. The
trident uncemented acetabular shell (Stryker, USA) of size 54mm or more have thicker

second generation highly cross linked polyethylene (3.8mm).

The primary aim of this study is to assess if any early failure is noted when large
diameter 40mm heads are used against second generation triple annealed highly cross linked
polyethylene acetabular liners in hybrid hip replacements with Exeter stems and to assess
survival at short term. As a secondary aim we also assessed the survival of the thinnest
second generation highly cross linked polyethylene (3.8mm). As far as we are aware, this is
the thinnest polyethylene manufactured and we felt that this has to be reported as a subset of

our cohorts.

METHODS

A retrospective case series of patients who had hybrid hip replacements with 40mm heads on
an Exeter stem articulating against second generation triple annealed highly cross linked
polyethylene liner on an uncemented hydroxy apatite coated Trident acetabular shell was
performed. Ethical approval was obtained (IRAS id no. 198853, 198872) for the project. All

patients had hybrid hip replacements for primary osteoarthritis.

All patients treated at our unit under a single surgeon (RDP) were identified from
hospital records and the National Joint Registry for England, Wales, Northern Ireland and the

Isle of Man (NJR). Survival of the implants was confirmed from the NJR as any revision of



the component were reported and recorded in this registry. Individual records, electronic
patient records and radiographs of all included cases were reviewed. Radiographs were
reviewed to assess for any significant progressive loosening of components. Complications
in term of leg length discrepancy, infection, dislocation, neurological damage and any other
complication were noted. We searched for cases of failure due to any reason in both hospital
records and the NJR data base with revision for any cause being considered the end point.
Hospital records were reviewed to assess if any case had developed metal reaction or
pseudotumour as this might signify catastrophic wear, with the metal head most likely
articulating with the titanium shell, producing large amounts of metal debris. Implant survival
was determined using the Kaplan-Meier method and Peto estimates of the 95% confidence
intervals, which take account of the effective sample size. All statistical analyses were

performed using R vs 3.0.2, using the “survival” package.

RESULTS

324 hybrid hip replacements with 40mm large diameter metal Co-Cr alloy heads on a
cemented Exeter femoral stem articulating with second generation highly cross linked
polyethylene on an uncemented trident acetabular shell had been performed through posterior
approach for primary hip osteoarthritis between 2006 and 2014. Of the 324 patients, 165
were female and 159 were male patients. Age range was from 42 to 88 with an average of

70.5 years (+/- 0.9 years at 95% CI) at the time of procedure [Median 71, SD 8.3 years].

154 of the 324 hip replacements had the thinnest second generation highly cross
linked polyethylene (3.8mm). There were 128 female and 26 male patients. There were more
female patients in this subset due to relatively smaller acetabular size in females. The average

age at the time of surgery was 71.8 years (7.3SD, range 42-88 years).



At the time of the data collection for the study, none of the patients had dislocation.
None of the implants had been revised for aseptic loosening or significant wear or due to
trunion related wear. None of the hip replacements had been revised for pseudo tumour
formation or ALVAL reaction. Examination of radiographs found no evidence of noticeable
osteolysis. 34 patients had died due to non orthopaedic causes of cardiac or disseminated

malignancy.

Revision for any cause was considered as end point. 2 patients had revision of the
components. 1 patient had deep infection requiring 2 stage revisions. This patient had large
diameter 40mm head with thinnest second generation highly cross linked polyethylene. One
patient had a fall and sustained pelvic fracture involving the columns and the acetabular shell
lost the fixation and had to be revised following the column fixations and head was changed
to 36mm. An analysis of the NJR data confirmed that this was indeed the only two cases that

had revision in this series as of end of 2015.

Other complications noted in our series were as below but none of them had revision
of the components. 1 patient had foot drop which recovered. 1 patient had sciatic nerve
damage and had nerve repair and later foot procedure for the foot drop under the foot and
ankle team. One patient had CVA in the post operative period. 2 had superficial infection
treated with oral antibiotics but did not require revision. 6 had limb length discrepancy
requiring heel rises. 19 had back pain due to spinal degenerative causes. 7 developed
trochanteric pain due to trochanteric bursitis. One settled with steroid injection but others did

not require any treatment and symptoms settled with conservative management.

The patient (58/F) who had a steroid injection had no further symptoms. Comparison
of immediate postoperative radiograph (Fig. 1) and 7-year follow up radiograph (Fig. 2)

showed no evidence of osteolysis or loosening. A further example of radiographic follow up
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is a 70 year old female with a follow up of over 7 years, which again show no signs of

osteolysis when comparing between immediate postoperative (Fig. 4) and latest follow up

(Fig. 7).

Kaplan-Meier survival analysis of the 324 hip replacements with 40mm large
diameter metal Co-Cr alloy heads on a cemented Exeter femoral stem articulating with
second generation highly cross linked polyethylene on an uncemented trident acetabular shell
showed the 5-year survival probability of the implant was 99.4% (95% CI 98 to 100%),
corresponding to a failure probability of 0.6% (95% CI 0.0 to 2%; Figure 3). At latest follow
up (7.8 year) the probability of survival was the same but with a wider 95% confidence

interval (88.8 to 100%).

Kaplan-Meier survival analysis of 154 hip replacements with thinnest second
generation highly cross linked polyethylene (3.8mm) showed the 5-year survival probability
of the implant was 99.3% (95% CI 97.1 to 100%), corresponding to a failure probability of

0.7% (95% CI 0.0 to 2.9%; Figure 3).

DISCUSSION

The study had shown satisfactory survival of 40mm large diameter metal Co-Cr alloy
heads on a cemented Exeter femoral stem articulating with second generation triple annealed
highly cross linked polyethylene [ X3 HCLPE]on an uncemented trident acetabular shell for
primary hip osteoarthritis at short term. The subset of hip replacements with the thinnest

(3.8mm) HCLPE liner at short to midterm also shows satisfactory survival at short term.

Concerns of wear due to increased frictional torque generated by the large sliding
distances of the large diameter heads at primary and secondary articulation surfaces had

restricted the use of large diameter heads and our series had shown satisfactory survival at
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short term. Though trunion related wear has been considered a problem to deal with the
modern modular femoral stems, the V40 taper of the Exeter femoral stem has shown
satisfactory resilience against trunion wear in spite of higher frictional torque produced by the
large diameter heads as none of hip replacements in this series had been revised for trunion

related problems at short term.

Despite testing in its thinnest form against the largest available head, producing the
largest sliding distance with a maximum frictional torque, so far the survival of second
generation triple annealed highly cross linked polyethylene [ X3 HCLPE] is satisfactory. We
had no dislocation in our series. This combination of a low dislocation rate and good survival
at short term suggests this liner might be an option for use of 40mm heads in elderly patients
as an alternative to dual mobility or constrained liner. No case has been revised so far for
aseptic loosening, nor have we seen noticeable osteolysis suggesting impending failure. The

only revision done was for infection in a patient in two stages and for periprosthetic fracture.

Our results looked at the survival of this polyethylene at its currently thinnest level
which reflects the clinical performance. Its low failure rates in this form suggest that the
material will also perform well when used with thicker liners for larger uncemented shells.
However, it will be difficult to predict if these findings extend to cemented acetabular shells
as their fixation is different. It is our intention to follow up this group further and publish the

longer-term results to investigate the survival of these thin polyethylene liners.

There is significant restriction in the study. The study is a retrospective case series
with short term results. At the study time, revision rate has been extremely low but as years
progress there might be higher revision rate due to unknown or known factors. The Kaplan
Meier survival analysis in figure 1 shows satisfactory survival at 8 years but towards the right

side of the curve there is significant widening of the confidence interval.
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The study is not without its weaknesses. Firstly, to assess revision rates we relied
mainly on the NJR. The time to follow up in the clinic varied because local policy and
guidelines had changed during the study period, with patients increasingly followed up at
primary care centres for financial reasons. For this reason, the authors relied on the NJR data
for the survival of implants. The authors feel that this is justified as all revisions in England,
Wales, Northern Ireland and the Isle of Man, are meticulously reported, and our patients have
not moved outside the NJR area. Obviously it is not clear whether the high survival found in

this study holds in the long run. Other limitation is the lack of patient related outcome scores.

Unfortunately, we were not able to determine the wear rate as this is difficult to
achieve with an uncemented shell in situ. However, we did not find noticeable osteolysis
around the femoral or acetabular bone interface when reviewing the radiographs at the latest
follow up. A final weakness is that we only studied patients with primary osteoarthritis. It is
unclear if the results are reproducible if the above components are used for secondary

osteoarthritis.

As hip prostheses continue to develop with advances in material science, bearing
technology and manufacturing processes, vigorous monitoring regarding the performance of
the newer technologies with publication of results is needed. At the moment, the hybrid hip
replacements with large diameter 40mm heads on an Exeter stem articulating with second
generation sequentially processed HCLPE has shown satisfactory survival but longer term
follow up is required. It is our intention to further follow this cohort of patients to study the
longer term clinical results and safety of the large 40mm Co-Cr metal heads and second

generation sequentially annealed highly cross linked polyethylene and publish our results.

References



13
National Joint Registry. 12th Annual Report. 12th Annu Rep. 2015;12(December

2014):81-8.

Sachde B, Maru ND. Mid-term results of large diameter heads on cross-linked
polyethylene liners in total hip replacement. J Clin Orthop trauma. 2012 Dec;3(2):94—

7.

Geller JA, Malchau H, Bragdon C, Greene M, Harris WH, Freiberg AA. Large
diameter femoral heads on highly cross-linked polyethylene: minimum 3-year results.

Clin Orthop Relat Res. 2006 Jun;447:53-9.

Wroblewski BM, Siney PD, Fleming PA. Charnley low-friction arthroplasty: survival

patterns to 38 years. J Bone Joint Surg Br. 2007 Aug;89(8):1015-8.

Wroblewski BM, Siney PD, Fleming PA. The principle of low frictional torque in the

Charnley total hip replacement. J Bone Joint Surg Br. 2009 Jul;91(7):855-8.

Allepuz A, Havelin L, Barber T, Sedrakyan A, Graves S, Bordini B, et al. Effect of
femoral head size on metal-on-HCLPE hip arthroplasty outcome in a combined

analysis of six national and regional registries. ] Bone Joint Surg Am. 2014 Dec;96

Suppl 1:12-8.

Banerjee S, Pivec R, Issa K, Kapadia BH, Khanuja HS, Mont MA. Large-diameter
femoral heads in total hip arthroplasty: an evidence-based review. Am J Orthop (Belle

Mead NJ). 2014 Nov;43(11):506—12.

Garbuz DS, Masri BA, Duncan CP, Greidanus N V, Bohm ER, Petrak MJ, et al. The
Frank Stinchfield Award: Dislocation in revision THA: do large heads (36 and 40
mm) result in reduced dislocation rates in a randomized clinical trial? Clin Orthop

Relat Res. 2012 Feb;470(2):351-6.



10.

1.

12.

13.

14.

15.

16.

14
Peters CL, McPherson E, Jackson JD, Erickson JA. Reduction in early dislocation rate
with large-diameter femoral heads in primary total hip arthroplasty. J Arthroplasty.

2007 Sep;22(6 Suppl 2):140-4.

Plate JF, Seyler TM, Stroh DA, Issa K, Akbar M, Mont MA. Risk of dislocation using
large- vs. small-diameter femoral heads in total hip arthroplasty. BMC Res Notes.

2012 Oct;5:553.

Sikes C Van, Lai LP, Schreiber M, Mont MA, Jinnah RH, Seyler TM. Instability after
total hip arthroplasty: treatment with large femoral heads vs constrained liners. J

Arthroplasty. 2008 Oct;23(7 Suppl):59-63.

Callary SA, Field JR, Campbell DG. Low wear of a second-generation highly
crosslinked polyethylene liner: a 5-year radiostereometric analysis study. Clin Orthop

Relat Res. 2013 Nov;471(11):3596-600.

Callary SA, Solomon LB, Holubowycz OT, Campbell DG, Munn Z, Howie DW. Wear
of highly crosslinked polyethylene acetabular components. Acta Orthop. 2015

Apr;86(2):159-68.

Epinette J-A, Jolles-Haeberli BM. Comparative Results From a National Joint Registry
Hip Data Set of a New Cross-Linked Annealed Polyethylene vs Both Conventional

Polyethylene and Ceramic Bearings. J Arthroplasty. 2016 Jul;31(7):1483-91.

Gascoyne TC, Petrak MJ, Turgeon TR, Bohm ER. Wear of a sequentially annealed

polyethylene acetabular liner. Acta Orthop. 2014 Sep;85(5):470-3.

Glyn-Jones S, Thomas GER, Garfjeld-Roberts P, Gundle R, Taylor A, McLardy-Smith
P, et al. The John Charnley Award: Highly crosslinked polyethylene in total hip

arthroplasty decreases long-term wear: a double-blind randomized trial. Clin Orthop



17.

18.

19.

20.

21.

22.

23.

15

Relat Res. 2015 Feb;473(2):432-8.

Pang H-N, Naudie DDR, McCalden RW, MacDonald SJ, Teeter MG. Highly
crosslinked polyethylene improves wear but not surface damage in retrieved acetabular

liners. Clin Orthop Relat Res. 2015 Feb;473(2):463-8.

Digas G, Karrholm J, Thanner J, Malchau H, Herberts P. The Otto Aufranc Award.
Highly cross-linked polyethylene in total hip arthroplasty: randomized evaluation of

penetration rate in cemented and uncemented sockets using radiostereometric analysis.

Clin Orthop Relat Res. 2004 Dec;(429):6—-16.

Lachiewicz PF, Soileau ES, Martell JM. Wear and Osteolysis of Highly Crosslinked
Polyethylene at 10 to 14 Years: The Effect of Femoral Head Size. Clin Orthop Relat

Res. 2016 Feb;474(2):365-71.

Ranawat CS, Ranawat AS, Ramteke AA, Nawabi D, Meftah M. Long-term Results of
a First-Generation Annealed Highly Cross-Linked Polyethylene in Young, Active

Patients. Orthopedics. 2016;39(2):e225-9.

Snir N, Kaye ID, Klifto CS, Hamula MJ, Wolfson TS, Schwarzkopf R, et al. 10-year
follow-up wear analysis of first-generation highly crosslinked polyethylene in primary

total hip arthroplasty. J Arthroplasty. 2014 Mar;29(3):630-3.

Bragdon CR, Doerner M, Martell J, Jarrett B, Palm H, Malchau H. The 2012 John
Charnley Award: Clinical multicenter studies of the wear performance of highly
crosslinked remelted polyethylene in THA. Clin Orthop Relat Res. 2013

Feb:471(2):393-402.

Vrbka M, Necas D, Bartosik J, Hartl M, Krupka I, Galandakova A, et al.

[Determination of a Friction Coefficient for THA Bearing Couples]. Acta Chir Orthop



24.

25.

26.

27.

28.

29.

30.

16

Traumatol Cech. 2015;82(5):341-7.

Slouf M, Kotek J, Baldrian J, Kovarova J, Fencl J, Bouda T, et al. Comparison of one-
step and sequentially irradiated ultrahigh-molecular-weight polyethylene for total joint

replacements. J Biomed Mater Res B Appl Biomater. 2013 Apr;101(3):414-22.

Burroughs BR, Muratoglu OK, Bragdon CR, Wannomae KK, Christensen S,
Lozynsky AJ, et al. In vitro comparison of frictional torque and torsional resistance of
aged conventional gamma-in-nitrogen sterilized polyethylene versus aged highly

crosslinked polyethylene articulating against head sizes larger than 32 mm. Acta

Orthop. 2006 Oct;77(5):710-8.

Johanson P-E, Digas G, Herberts P, Thanner J, Karrholm J. Highly crosslinked
polyethylene does not reduce aseptic loosening in cemented THA 10-year findings of a

randomized study. Clin Orthop Relat Res. 2012 Nov;470(11):3083-93.

Miller MD, Thompson SR, Hart JA, editors. Review of Orthopaedics. 2012. 388 p.

Ast MP, John TK, Labbisiere A, Robador N, Valle AG Della. Fractures of a single
design of highly cross-linked polyethylene acetabular liners: an analysis of voluntary
reports to the United States Food and Drug Administration. J Arthroplasty. 2014

Jun;29(6):1231-5.

Murtha AS, Roy ME, Whiteside LA, Tilden DS, Schmitt KL. Thin-Walled Cross-
Linked Acetabular Liners Need Not Exhibit Reduced Locking Strength. Orthopedics.

2015 Aug;38(8):¢727-32.

Jauregui JJ, Naziri Q, Pierce TP, Elmallah RK, Cherian JJ, Delanois RE, et al. Is the
use of thin, highly cross-linked polyethylene liners safe in total hip arthroplasty? Int

Orthop. 2016 Apr;40(4):681-6.



31.

32.

33.

34.

35.

36.

37.

38.

17
Johnson AJ, Loving L, Herrera L, Delanois RE, Wang A, Mont MA. Short-term wear
evaluation of thin acetabular liners on 36-mm femoral heads. Clin Orthop Relat Res.

2014 Feb;472(2):624-9.

D’ Antonio JA, Capello WN, Mesko JW, Ramakrishnan R. Second-Generation
Annealed Highly Crosslinked Polyethylene has Low Wear at Mean Seven Year

Follow-up. Surg Technol Int. 2014 Nov;25:219-26.

Sayeed SA, Mont MA, Costa CR, Johnson AJ, Naziri Q, Bonutti PM, et al. Early
outcomes of sequentially cross-linked thin polyethylene liners with large diameter

femoral heads in total hip arthroplasty. Bull NYU Hosp Jt Dis. 2011;69 Suppl 1:S90-4.

Selvarajah E, Hooper G, Grabowski K, Frampton C, Woodfield TBF, Inglis G. The
rates of wear of X3 highly cross-linked polyethylene at five years when coupled with a

36 mm diameter ceramic femoral head in young patients. Bone Joint J. 2015 Nov;97—

B(11):1470-4.

Kurtz SM, MacDonald DW, Mont MA, Parvizi J, Malkani AL, Hozack W. Retrieval
analysis of sequentially annealed highly crosslinked polyethylene used in total hip

arthroplasty. Clin Orthop Relat Res. 2015 Mar;473(3):962—71.

Dumbleton JH, D’ Antonio JA, Manley MT, Capello WN, Wang A. The basis for a
second-generation highly cross-linked UHMWPE. Clin Orthop Relat Res. 2006

Dec;453:265-71.

Jacobs CA, Christensen CP, Greenwald AS, McKellop H. Clinical performance of
highly cross-linked polyethylenes in total hip arthroplasty. J Bone Joint Surg Am. 2007

Dec;89(12):2779-86.

Cooper HJ. Diagnosis and Treatment of Adverse Local Tissue Reactions at the Head-



39.

40.

41.

42.

43.

44,

45.

46.

18

Neck Junction. J Arthroplasty. 2016 Jul;31(7):1381-4.

Cooper HJ, Della Valle CJ. Large diameter femoral heads: is bigger always better?

Bone Joint J. 2014 Nov;96-B(11 Supple A):23-6.

Cooper HJ, Della Valle CJ, Berger RA, Tetreault M, Paprosky WG, Sporer SM, et al.
Corrosion at the head-neck taper as a cause for adverse local tissue reactions after total

hip arthroplasty. J Bone Joint Surg Am. 2012 Sep;94(18):1655-61.

Del Balso C, Teeter MG, Tan SC, Howard JL, Lanting BA. Trunnionosis: Does Head
Size Affect Fretting and Corrosion in Total Hip Arthroplasty? J Arthroplasty. 2016

Oct;31(10):2332-6.

Del Balso C, Teeter MG, Tan SC, Lanting BA, Howard JL. Taperosis: Does head
length affect fretting and corrosion in total hip arthroplasty? Bone Joint J. 2015 Jul;97—

B(7):911-6.

Dyrkacz RMR, Brandt J-M, Ojo OA, Turgeon TR, Wyss UP. The influence of head
size on corrosion and fretting behaviour at the head-neck interface of artificial hip

joints. J Arthroplasty. 2013 Jun;28(6):1036—40.

Elkins JM, Callaghan JJ, Brown TD. Stability and trunnion wear potential in large-
diameter metal-on-metal total hips: a finite element analysis. Clin Orthop Relat Res.

2014 Feb;472(2):529-42.

Esposito CI, Wright TM, Goodman SB, Berry DJ. What is the trouble with trunnions?

Clin Orthop Relat Res. 2014 Dec;472(12):3652-8.

Mistry JB, Chughtai M, Elmallah RK, Diedrich A, Le S, Thomas M, et al.

Trunnionosis in total hip arthroplasty: a review. J Orthop Traumatol. 2016



47.

48.

49.

50.

51.

52.

53.

19

Mar;17(1):1-6.

Munir S, Walter WL, Walsh WR. Variations in the trunnion surface topography
between different commercially available hip replacement stems. J Orthop Res. 2015

Jan;33(1):98-105.

Nassif NA, Nawabi DH, Stoner K, Elpers M, Wright T, Padgett DE. Taper design
affects failure of large-head metal-on-metal total hip replacements. Clin Orthop Relat

Res. 2014 Feb;472(2):564-71.

Porter DA, Urban RM, Jacobs JJ, Gilbert JL, Rodriguez JA, Cooper HJ. Modern
trunnions are more flexible: a mechanical analysis of THA taper designs. Clin Orthop

Relat Res. 2014 Dec;472(12):3963-70.

Tan SC, Teeter MG, Del Balso C, Howard JL, Lanting BA. Effect of Taper Design on
Trunnionosis in Metal on Polyethylene Total Hip Arthroplasty. J Arthroplasty. 2015

Jul;30(7):1269-72.

Jacobs JJ, Cooper HJ, Urban RM, Wixson RL, Della Valle CJ. What do we know

about taper corrosion in total hip arthroplasty? J Arthroplasty. 2014 Apr;29(4):668-9.

Plummer DR, Berger RA, Paprosky WG, Sporer SM, Jacobs JJ, Della Valle CJ.
Diagnosis and Management of Adverse Local Tissue Reactions Secondary to
Corrosion at the Head-Neck Junction in Patients With Metal on Polyethylene Bearings.

J Arthroplasty. 2016 Jan;31(1):264-8.

Carli A, Politis A, Zukor D, Huk O, Antoniou J. Clinically significant corrosion at the
head-neck taper interface in total hip arthroplasty: a systematic review and case series.

Hip Int. 2015;25(1):7-14.



54.

55.

56.

57.

58.

59.

60.

20
Lavernia CJ, Iacobelli DA, Villa JM, Jones K, Gonzalez JL, Jones WK. Trunnion-
Head Stresses in THA: Are Big Heads Trouble? J Arthroplasty. 2015 Jun;30(6):1085—

8.

Lachiewicz PF, Heckman DS, Soileau ES, Mangla J, Martell JM. Femoral head size
and wear of highly cross-linked polyethylene at 5 to 8 years. Clin Orthop Relat Res.

2009 Dec;467(12):3290-6.

Rodriguez JA, Rathod PA. Large diameter heads: is bigger always better? J Bone Joint

Surg Br. 2012 Nov;94(11 Suppl A):52—4.

Triantafyllopoulos GK, Elpers ME, Burket JC, Esposito CI, Padgett DE, Wright TM.
Otto Aufranc Award: Large Heads Do Not Increase Damage at the Head-neck Taper
of Metal-on-polyethylene Total Hip Arthroplasties. Clin Orthop Relat Res. 2016

Feb:474(2):330-8.

Kao Y-YJ, Koch CN, Wright TM, Padgett DE. Flexural Rigidity, Taper Angle, and
Contact Length Affect Fretting of the Femoral Stem Trunnion in Total Hip

Arthroplasty. J Arthroplasty. 2016 Sep;31(9 Suppl):254-8.

Witt F, Bosker BH, Bishop NE, Ettema HB, Verheyen CCPM, Morlock MM. The
relation between titanium taper corrosion and cobalt-chromium bearing wear in large-
head metal-on-metal total hip prostheses: a retrieval study. J Bone Joint Surg Am.

2014 Sep;96(18):e157.

Singh R, Manoharan G, Craig P, Collier S, Shaylor P, Sinha A. Blood metal ions after
hybrid metal-on-polyethylene Exeter-Trident total hip replacement. J Orthop

Traumatol. 2016 Jun;17(2):149-53.

FIGURE LEGENDS
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Fig 1 Kaplan -Meier Survival curve of 40mm Heads on cemented Exeter stem articulating
with all HCLPE X3 on uncemented trident acetabular shell showing 99.4% at 7.8 years but a
widened confidence interval towards the right side - grey shaded area shows confidence

interval.

Fig 2 Kaplan -Meier Survival curve of thinnest (3.8mm) HCLPE X3 on uncemented trident
acetabular shell articulating with 40mm Heads on cemented Exeter stem showing 99.3% at
7.8 years but a widened confidence interval towards the right side - grey shaded area shows

confidence interval.

Fig 3 58y/F had right THR for Primary OA. Patient had trochanteric pain settled following

steroid injection.

Fig 4 6 year postoperative radiograph — patient has no symptoms with hip with satisfactory

outcome. Components show no significant loosening.

Fig 5 70Y/F had right THR for primary OA. Postoperative radiograph after the surgery.
Patient had no pain and satisfied. Patient had one of the longest follow up in our series.

Patient had left THR with 28mm head in the past

Fig 6 7 year postoperative radiograph — patient has no symptoms with hip and satisfactory

outcome. Minor asymptomatic heterotopic ossification noted but components are not loose.
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