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Total Hip Replacement

Total Hip Replacement (THR) is the most successful operation in
medical history, and this editorial would like to take a look at the
history of its development and how the contributions of great British
orthopaedic surgeons made it possible. Britain continues to produce
notable orthopaedic surgeons and special mention will go to the
founding father of modern THR, Sir John Charnley. Further, the most
popular stem in the world of 2015, the Exeter Stem V40, was developed
in Britain with over 1 million being implanted in the last 46 years. The
THR procedure gives people with disabling pain a chance to regain
hold on their life, get out and walk freely again.

British orthopaedic surgeon, Sir John Charnley pioneered hip
replacement with the development of a low friction arthroplasty (LFA),
which saw publication in the Lancet in 1961 [1]. Previous replacement
designs had been hampered by poor concept and material, ultimately
leading to mechanical failure, however, this was to change as Charnley
introduced 3 novel principles.

Firstly, the LFA concept which discerns that low friction between
articular surfaces is dependent mostly upon the friction coeflicients of
the facing materials. This showed that the role of fluid was minimal,
contrary to the leading theory at the time. This lead to the
development of Teflon (PTFE) acetabular components and after initial
setbacks with poor wearing and unsafe granulomatous mass
formation, Charnley then learnt that high density Teflon (hdPTFE)
could overcome these issues. This formed the second key principle; the
use of hdPTFE as a bearing material. Results of first generation
Charnley hip survivorship has been reported at 81% by Berry et al.
with revision of any component as an end-point over a 25 year follow-
up [2]. These findings are consistent with several other centres adding
to the consensus that THR is the operation of the century, pioneered
and made possible by British ingenuity [3,4].

Reasons for failure of first generation Charnley hip replacements
included fracture of the implant [5] and aseptic loosening as a result of
mechanical failure of the fixation interface [6], with increased rates
also being widely reported in younger patients [7]. This swiftly led to
improvements in patient selection and the development, of a third
principle by Charnley, the use of acrylic cement to fix stem implant to
bone. The use of polymethyl methacrylate has not largely changed,
however the understanding that its successful use is highly technique
dependent has. Cement was initially viewed as adhesive; however,
modern understanding shows how important its role is in
progressively changing the stiffness of the metal bone interface. Metal
is 100 times stiffer than bone and simply using adhesive leads to the
previously mentioned complications. The cement functions by
mechanical interlock rather than adhesion, increasing surface area of

attachment and thus strength. Improvements on the initial finger
packing technique by Charnley include pressurization [8] and cleaning
of the endosteal surface [9] to improve penetration of cement into
bone interstices. These two studies highlight the subtle intricacies of
the technology and its powerful impact on the success of total hip
replacement.

Further improvements to stem incorporation, came through the
Exeter Stem development over 40 years ago by Robin Ling and Clive
Lee. Modern understanding of the stem shows that its polished design
allows it to reside at the stem cement interface and the tapered shape,
wider proximally, enables it to act as a self-locking wedge that
preferentially transfers force to the femur, introduced * the taper slip’
principle. This design actually sees the stem continually tightening
throughout the life of the hip. Long-term study has shown that this
process continues and accumulates to a total of 1 to 2 mm of
subsidence over 30 years [10]. This completely changed ‘the composite
bean’ principle at the time, which was focusing on bonding the stem to
the cement surface using textured and coated stems. Analysis of the
Norwegian Arthroplasty Register pitted the best of British engineering
against other popular prosthesis brands. The Charnley and Exeter
systems were compared with Titan, Spectron and Link in an 18 year
follow-up of 62,305 THRs [11]. In a ten year stem analysis the Exeter
stem produced the best results, relative risk for aseptic loosening in
half compared to the others [11]. It is also worth mentioning the work
of another British surgeon from Wrightington, Wroblewski et al. who
embraced the taper slip principle and identified a long term
complication of proximal femoral strain shielding with the Charnley
stem and designed the third taper. The triple taper design has been
shown to improve loading of proximal and medial femur in the axial
plane, this has been show to promote bone remodelling of the
proximal femur due to beneficial loading medially [12].

Since its conception numerous changes have been made to the
original Charnley design, British surgeons and engineers has embraced
the taper slip principle and further develop the THR. Improvements to
the hdPTFE have come through the development and rigorous testing
of highly crosslinked, high density PTFE (hxPTFE). The AAOS 2014
John Charnley Award went to British student Geraint Thomas for his
paper titled ‘Long Term Wear of Highly Cross-Linked Polyethylene in
Total Hip Arthroplasty’ In their high quality randomised controlled
trial, they showed at 10 years averaged subsidence was 0.003mm/year
compared to 0.03mm/year in the ultrahigh-molecular-weight PTFE
group [13]. Further improvement has seen the recent rise of vitamin E
treated hxPTFE with its superiority being demonstrated in short term,
femoral head penetration trials [14].

Again changes in the acrylic cement have been subtle, with major
improvement being the development of antibiotic impregnated
cement. Systematic review and meta-analysis of over 6,000
arthroplasties reported the use of antibiotic impregnated cement can
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half the rate of deep infection compared with controls [15].
Gentamicin impregnated cement was also shown to be the most
superior [15].

The National Joint Registry UK (NJR UK) contains data from over 2
million joint replacement operations and continues to grow since its
conception in 2002. In their 12th Annual Report in 2015, the NJR UK
stated that uncemented THR remained the most common
replacement, but its use had declined [16]. Hybrid fixation, for
example cementation of the stem component and uncemented fixation
of the acetabular component had increased. Kaplan-Meier cumulative
risk was lowest (3.63%) in the cemented group [16]. The cemented
Exeter V40 now has a 10 year revision risk of 2.7% [16]. The NJR UK
suggested that cemented and hybrid hip replacement are increasing in
popularity, the Exeter Hip continues to go from strength to strength.
Cemented approaches are increasing in popularity due to their
longevity and versatile use in patients. Cemented stems are less
expensive and can also give the surgeon great flexibility to reproduce
hip anatomy in the point of leg length, offset and neck shaft angle.

Perhaps most importantly THR, since its introduction, has proved
to be consistently effective in reducing pain and to a lesser extent
improving range of motion. The almost immediate pain relief and stark
improvements in post-surgery disability related quality of life scores
speak volumes. In a cohort study, looking at employment, nearly half
of those unemployed before surgery were able to gain work after THR
[17]. In younger individuals, THR enabled 89% of active preoperative
individuals returned to sporting activity [18]. Obviously a decrease in
high impact activity was observed, but no decrease in session length or
frequency [18]. These two studies highlight the hugely positive impact
a THR procedure may have on the daily life of an individual. Cost
effective analysis of THR suggests that it is cost effective due to the
high costs associated with custodial care and dependency [19]. THR
may not perform as well in QALY analyses as life preserving
procedures such as dialysis or coronary bypass, but its effect on
disability and independence is unparalleled.

THR has been termed ‘the operation of the century’ and quite
rightly so. Its effect on disability related quality of life is massive and
continues to go from strength to strength. British engineers and
surgeons have produced a reliable operation and developed a set of
reliable cemented implants with a relatively low cost. This editorial has
provided a summary of the groundbreaking contributions of British
orthopaedic surgeons and engineers, hopefully, inspired readers to
embrace the British tradition of innovation.
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