COMMENTARY

Contemporary Total Joint Arthroplasty

Victor M. Goldberg, MD

Total joint arthroplasty has become a successful and
reproducible surgical treatment for significant arthritis.
Both pain relief and functional outcomes have been excellent.
In 2004 over 475 000 total knee replacements and more than
230 000 total hip replacements were performed in the United
States, and this number is increasing at a rate of 11% for knee
replacement and 2.5% for hip replacements each year. Although
joint replacements have an excellent outcome,
there still has been a small although disturbing
incidence of mechanical and biological failures.
The causes of these failures include implant
surface wear, loosening, and instability. Infection
remains a long-term concern.'”

Early in the history of joint arthroplasty,
younger, more active patients and very elderly
patients were discouraged from having replacements
because of the increased incidence of failures in
these populations. Recent advances in implant
design, materials, and surgical techniques have
widened the indication for total joint arthroplasty
in all patients with end stage arthritis. For example,
alternative bearing surfaces such as metal-on-metal
articulations have significantly reduced wear and its associated
bone loss and implant loosening.*® Minimally invasive surgical
procedures have accelerated patient rehabilitation, and enhanced
instrumentation has provided excellent restoration of joint
anatomy.”® An understanding of the present state of the art of
joint arthroplasty is critical in order to provide physicians and
patients with the basis of contemporary indications and expected
realistic outcomes of the procedure.

Total Knee Arthroplasty

Enhanced designs and techniques have improved the long-term
survival rates of total knee replacements so that 90% to 95% of
active patients can expect a satisfactory result for 15 to 20 years.
Implant fixation can be accomplished by either cementless or
cemented methods. The success of cementless fixation depends
upon a stable implant with a porous surface composed of either
titanium or cobalt chromium alloys configured to support

bone regrowth. Stability of the components can be achieved by
using screw fixation and press-fit stems and/or pegs.'®' Precise
surgical instruments provide close implant-bone interface.
Studies indicate that component movement of less than 75 to
100 micrometers will support bone ingrowth, whereas motion
of greater than 150 micrometers encourages fibrous tissue
ingrowth.*

“Recent advances in implant
design, materials, and surgical
techniques have widened the
indication for total joint
arthroplasty in all patients

with end stage arthritis.”

Contemporary knee component designs have closely reproduced
knee anatomy. Recently gender-specific implants have been
introduced to better match the size and geometric dimensions
of the female distal femur. (See Figure 1.) This should improve
patellar tracking and ligament balancing. Knee flexion is
important for functional activities. Newer designs are now
available that allow as much as 140° to 150° of knee flexion."
This is especially important in patient populations that require
kneeling activities.

Wear of contact surfaces is a significant cause of failure of
total knee replacement. Improvement in the manufacturing
technique of polyethylene has reduced wear debris from the
articulating surface. These advances include processes to reduce
oxygenation of polyethylene to improve fatigue wear of the
material.* The use of thicker polyethylene tibial inserts and
optimization of component designs has also reduced wear failures
in total knee arthroplasty.”” Another approach to reducing
stress on polyethylene has been to increase conformity between
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Figure 1.

(A) Lateral Radiograph of a Female Patient
With Significant Osteoarthritis

(B) Arthroplasty Radiograph Demonstrating
the Anatomical Relationship of the Component
With the Femur Using an Implant Specifically
Designed for Females

surfaces. Mobile bearing prostheses have been developed that
provide conformity without sacrificing rotational movements of
the knee."* Although the results are satisfactory with a follow-up
of 9 to 12 years, there is still an incidence of periprosthetic bone
loss as a result of wear-induced osteolysis.

Traditional total knee arthroplasty has been highly successful
in pain relief and functional long-term survivorship. Padents,
however, have expressed dissatisfaction with the postoperative
pain and prolonged rehabilitation. These issues have encouraged
surgeons to adopt minimally invasive surgical techniques which
use smaller skin incisions and muscle-sparing approaches.® The
early results of minimally invasive surgical techniques are
encouraging, but usually by 6 months to 1 year after surgery
there is no difference in results when compared to traditional
approaches. Longer term data will be necessary to substantiate
the early results of minimally invasive techniques which are
inherenty more difficult and have the potential for increased
complications.

Optimizing surgical techniques in total knee arthroplasty
has been reported to improve long-term survivorship of the
procedure.” Adapting computer assisted navigation to the total
knee arthroplasty surgical technique may improve knee alignment
and component position. The early results indicate that these
outcomes can be accomplished using this technique, but extensive
exposure is necessary and the instrumentation is complex and
difficult to master.” Ultimately this approach combined with a
minimally invasive technique will assure anatomically aligned
knees with the least intrusion on bone and soft tissues.
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Total Hip Arthroplasty

Since total hip arthroplasty was introduced into the United
States in 1969, there have been extensive changes in implant
designs, materials, and surgical techniques. Using contemporary
designs, hip implant survival rates have approached 90% to
95% at 15 to 20 years after surgery." Early concerns focusing
on perioperative infection have largely disappeared due to the
use of perioperative antibiotics, ultraclean operating rooms
using laminar flow methods, and exhaust exclusion hoods that
isolate the surgeon from the patient. Implant breakage has
virtually been eliminated by the use of high strength materials
such as titanium and forged cobalt chromium stems. Newer
hip stem designs use more flexible materials that match the
stemw’s material characteristics with the surrounding bone to
enhance implant integration with the patient’s femur and also
preserve native bone." (See Figure 2.) Fixation methods have
evolved so that either cemented or cementless modes of fixing
the component to bone have been highly successful.'*'*"”
Major advances in this area have included methods of assuring
excellent cementing techniques to provide optimum fixation of the
implant to the host bone." Porous surfaces have been redesigned
to closely mimic the structure of the surrounding bone." These
newer surfaces provide the best geometric configuration to
enhance bony ingrowth and long-term component fixation.

The major focus of research and development over the past
decade has been directed towards reduction of bearing surface
wear and the biologic reaction to this periprosthetic debris.’

Figure 2.

Arthroplasty Radiographs of a Hip Six Years
After Replacement With a Component Stem
Made of Flexible Materials Demonstrating
Excellent Bone Preservation
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The resulting bone loss or osteolysis may compromise implant
fixation and ultimately result in component loosening.
Alternative bearing surfaces have been developed which may
reduce wear of the articulating surfaces and prolong the
longevity of the total hip replacement.*® Hard surfaces include
metal-on-metal or ceramic-on-ceramic. Although wear is
reduced significantly with these surfaces, there still are potential
problems that could compromise the replacement. For example,
metal-on-metal surface wear results in the release of metal
ions which circulate systemically and could have long-term
consequences.” Ceramic surfaces have the potential to fracture
if any impingement results because of even minor implant
malposition.® The recent introduction of highly cross-linked
polyethylene as a counter surface to the femoral head also has
significantly reduced the generation of wear particles.*
However, the ultimate role of each of these bearing surfaces
requires longer term follow-up, so that the choice of the best
articulating surface can be adapted cost-effectively to the
appropriate patient.

Computer assisted navigation and minimally invasive surgical
techniques have also been used at selected centers to improve
implant positioning and early rehabilitation. Initial experience
with both of these approaches has been encouraging, but
long-term follow-up is necessary to assess the real value of these
approaches compared to established methods.’

The use of total hip replacement in young, active patients
has always been controversial considering the reported
increased failure rate in these patients.'® Revision total hip
replacement is significantly more complicated than the primary
procedure because of the bone and soft tissue loss seen with the
failed total hip replacement. Recently metal-on-metal surface
replacement arthroplasty has been introduced to replace the hips
of this younger, active patient population.'® (See Figure 3.) This
replacement preserves bone and resurfaces the acetabulum and
femoral head. The larger ball size may enhance range of motion
and hip function without the risks of hip dislocation. The early
results have been good, however, an additional complication
not seen in classical total hip replacement has been observed.”
Femoral neck fractures have been reported which require an
early revision, perhaps because the surgical procedure itself
compromises the blood supply to the femoral head. The reported
incidence of this complication varies from 1.5% to 3%.
Prevention of this early failure requires surgeon education and
improved sophisticated instrumentation. Longer follow-up is
necessary to define the role of this replacement compared to a
standard total hip replacement with large heads, now available
with the new alternative bearing surfaces.

Total Ankle Arthroplasty

The reported results of the first generation total ankle
arthroplasty were significantly poorer than total hip and total
knee replacement. Loosening and mechanical failure were the
primary reasons for failure of the total ankle replacement.”??
As a result, ankle arthrodesis, inducing ossification between

bones, was the preferred treatment for end-stage ankle arthritis.
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Recently contemporary implants have been introduced with
improved designs, surgical techniques, and materials, and early
results have been encouraging.” Both mobile bearing designs and
fixed bearing implants have reported satisfactory intermediate
clinical results. One recent systematic review of the literature
comparing ankle arthrodesis with total ankle replacement
indicated that each procedure had about 25% poor results, and
the revision rate was 9% for arthrodesis compared to 7% for total
ankle replacement.”” However, these results are predominantly
retrospective and uncontrolled without direct comparison
between the 2 procedures. The major difficulties in designing
implants for total ankle replacement are a lack of complete

Figure 3.
Arthroplasty and Lateral Radiographs
Demonstrating Surface Replacement

understanding of the complex kinematics of this joint, material
properties of the tibia compared to talus, and the very thin
and poorly vascularized soft tissues. By contrast to total knee
arthroplasty, the surgical techniques required to obtain
anatomical alignment of the ankle and soft tissue balance are
not well established. Indications for this procedure are still
being refined. It appears that with the second generation total
ankle replacement the optimal patient is older with lower
demands. Patients who exhibit significant arthritis in the
subtalar or midtarsal joints may be better functionally after
an ankle replacement compared to arthrodesis. Absolute
contraindications for the procedure include active infection
and inadequate soft tissues or vascularity. Marked ankle
instability, poor bone, or osteonecrosis of the talus are relative
contraindications. Presently there are a number of ongoing
clinical trials in the United States evaluating the different design
philosophies.”’ Each of the 4 new total ankle replacements being
studied do have some clinical concerns such as subsidence
and/or dislocation of the components. Wear of the surfaces still
remains a long-term worry. Current recommendations are for the
procedure to be performed for low-demand patients by surgeons
who have completed special training for the technique.

Summary
Total joint arthroplasty is a highly successful procedure for

end-stage lower extremity arthritis. Excellent pain relief and
significantly improved function is usual after surgery when
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used for appropriate indications by highly skilled surgeons using
contemporary designed components. Future improvement in

design and materials to reduce wear will further enhance clinical
outcomes and long-term implant survival. NCM]
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