

















Figure 5. X-ray of hip showing normal cartilage (L) and loss of cartilage and osteophate formation (R}

Figure 6. Xray of knee joint showing cartiluge loss and osteophyte formation awith boney sclerosis

exciting in that these drugs can now be
tested on this type of population in a
properly conerolled fashion. The trials
will need to be carried out over a
significant period of time bhut, if
successtul, will be enarmously beneficial
to our ageing population and reduce the
morhidity due to pain.

Surgery with joint replacement wiil
remain as an extremely useful treatment
for those patients with severe disabilities.
New developments in fixation
(cementiess) and the use of new
biomaterials will continue to improve
funcrion after joint replacement and
reduce the chance of loosening.

Ostecarthritis remains a fascinating
enigma - is the problem in the cartilage,
in the synovium or in the bone? Like
many things in medicine, it is probably
in all three, to varying degrees.  Recent
advances in our understanding of the
basic biology of cartilage, in the
development of new strategies and drugs
for the treatment of osteoarthritis and an
emphasis on conrroliing pain and
improving function mean that that al
patients with osteoarthritis can now he
helped to some degree.
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Figure 1.(@) Medial compariment OA knee
with varus (howing) deformity

Figure 2.(a} QA knee joint with previous
upper tibial osteotomy

1. DEBRIDEMENT: Open
debridement {Pridic procedure) was
frequently used prior to the advent of
joint replacement to improve the
comfort of ostecarthritic knee joints.
However, it has significant morbidity
and has now been superseded largely by
total joint replacement. However,
arthroscopic debridement is commonly
carried out for patients whose symptoms
are either acute or not severely disabling
te warrant more major surgery. The
advantage of arthroscopic debridement
is that it may significantly improve the
pain in the osteoarthritic knee joint and
involves a day only procedure with
minimal morbidity. Arthrascopic
debridement allows for complete
visualisation of the knee with remaoval of
torn menisci, loose bodies, shaving of
unstable articular cartilage

Figure 1.(b) Correction following upper tibial
osteotomy . Note rerum of medial joint space

Figure 2.{b) Post-operative total knee
replacement with modular wedge laterally

(chondroplasty) and drilling of bare
bone defects to encourage fibro
cartilagineus ingrowth (osteoplasty).
The joint is thoroughly irrigated and
lavaged and part of the success of this
procedure may be in the washing out of
proteolytic enzymes which facilitate
cartilage break down.

Arthroscopic debridement can be
repeated when necessary, However, the
result of this technique may be short
lived and in some patients is
unpredictable.

2. OSTEOTOMY: Osteotomy
{which literally means "cutting che
bone"} may be carried out either in the
upper tibia or lower femur and was first
introduced in 1958 in the treatment of
osteoarthritis of the knee. The principle

of this operation is to realign a knee
joint with significant deformity and
primarily unicompartmental disease,
The operation aims to tansfer load from
a diseased compartment of the knee
joint to a relatively normal compartment
(see Figures Ia and 1b). The success of
this procedure depends on accurate pre-
operative planning to determine the
desired degree of mechanical correction
to be achieved and to be able to carry
this out intra-operatively. The
osteatomy is usually internally fixed with
a metallic fixation device to allow early
range of motion and weight bearing.

This operation is usually offered for
patients who are too young or too active
to undergo joint replacement surgery,
and to "buy time" before total knee
replacement is required. The draw back
of this operation however, is that the
success rate is only 85% in terms of pain
relief and approximately 50% of these
patients will require further surgery,
usually conversion to a total joint
replaccment within 5 to 10 years.
Crutches are usually required for a least
6 weeks until the osteotomy has united

followed by at least 3 months
rehabilitation.
3. JOINT REPLACEMENT:

Total knee replacement has become the
standard surgical care for patients with
advanced symptomatic osteoarthritis of
the knee in whom all conservative
treatments have failed. In the early
1970s the implants used to replace the
diseased knee joint were fairty primitive,
non-anatemical and came with poor
instrumentation. However, over the
past 10 years the prostheses which have
been developed are extremely
sophisticated and aim to reproduce the
anatomy and kinematics of the normal
human knee joint. Added ro this, it has
become clear that alignment and
accuracy of implantation of a knee
replacement are critical to the longevity
of the implant. The instrumentation
designed to implant knee prostheses has
alsa become extremely accurate with
high reproducibility of anatomical
alignment following surgery.

The indication for knee replacement
surgery is usually in a patient who has
significant  and disabling pain,
particularly night pain, and who does
not wish to run. Gross deformities can
be corrected with appropriate
implantation of total knee prostheses
(see Figures Za and 2b). Also in patients
with severe bilateral disease it is
becoming increasingly common to carry
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out bilateral simultaneous total knee
replacements under the one anaesthetic
{see Figures 3a andd 3b). This does not
appear to increase the mortality or
morbidity rate and decreases the overall
rehabilitation time and costs.

The failure rate for a total knee
replacement in terms of loosening
requiring revision depends on the age
and activity of the patient, but an
overali figure of 2% per year is well
accepted. This would imply that a
patient who is aged 60 at the time of
knee replacement has a 40% chance
that the implant would have failed and
required revision by the age of 80.
Revisien surgery is not as successful as
primary replacement and therefore joint
replacement surgery is usually offered for
those patients in whom it is thought that
there is a high likelihood that the
implant will last them for life. In the
younger more active  patient
debridement or ostectomy  is
preferred. Unicompartmental knee
replacement (sec Figures 4a and 4b),
while developed at the same time as
total knee replacement, has not gained
widespread acceptance by the
orthopaedic community. However, there
are  increasing  reports  that
unicompartmental replacement yields a
higher initial success rate and fewer early
complications than does upper ribial
osteotomy, Compared with total knee
replacement, it allows preservation of
both cruciate ligaments as well as bone
stock in the opposite and patello femoral
compartments. Moreover, in several
publishing large studies,
unicompartmental replacement has an
equivalent pain relief and early
rehabilitation and similar long term
functional resuits compared with total
knee replacement counterparts. In fact

Figure 3(a)  Bilaeral OA knees

in Sweden, where there s a
comprehensive followup of all joint
replacement carried out nationally, over
50% of knee replacements are
unicompartmental.

The advantage of unicompartmental
replacement in the patient with
primarily medial or lateral compartment
disease, is that the initial success rate in
terms of pain relief is far higher than for
upper tihial osteotomy and functionally
the patient is usuaily better than a toral
knee replacement. The patient often
reports that the knee feels more like a
normal knee than a prosthetic knee due
to retention of most proprioceptive

fibres.

If the unicompartmental knee
replacement fails then revision should be
casier than revision of a failed total knee
replacement.

SUMMARY

Surgical treatment of ostecarthritis of
the knee has improved significantly over
the last decade with the advent of
arthroscopic debridement and with
improved design and longevity of
prosthetic implants. During recent years
there has been an increase in good o
excellent results of total knee
replacement with revision rates
declining, due to improved technical
expertise and sophistication of both
implant design and instrumentation.
Whilst the scientific and medical
community push with increasing vigour
for a "cure" for OA, or at least a
cartilage preserving drug, surgical
treatment offers a very predictable high
quality outcome in a large number of
patients suffering with this debilicating
disease.

Figure 3.(b) Post Bilateral simultaneous total
knee replacement

Figure 4.(a) Pre-operative medial
compartment OA knees

Figure 4.(b)  Post-opevative bilaeral medial
unicompartmen tal 1'eplacemen t
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accurately than ever before.
Additionally, the mechanisms

responsible for pulse contour are now
understood, and with the aid of modern
digital computers, the pulse can be
analysed in the same way that pulsacile
phenomena are treated by mechanical,
clectrical, acoustic or aeronautical
engineers. These advances however
have not been applied widely to clinical
problems, and the study of the arterial
pulse by clinicians plays an even lesser
role now than it did in the late 19th
Century. This is an enigma. The
modern physician certainly is well versed
in developments in binchemistry and in
genetics, and it is surprising that he
should overlook similar advances in
physics, and developments which his
contemporaries in hydraulic and
electrical engineering utilize daily in
their professional lives.

Our group has chosen to tackle this
forsaken area. We have made
considerable headway, and see much
new understanding and greart clinical
benefit to come from further research.
The basis of our work was the
foundation laid by fundamental studies
conducted by an Australian physiologist,
Michael Taylor, with two British
scientists in London during the 1950s.
These studies established wvalid
engincering and  mathematical
approaches that could be applied to the
study of the pulse and pulsarile
phenomena in arteries.  These
approaches are now so¢ much easier to
apply through use of the powerful
computers that were not available in the
1950s, but which are now readily
available and widely used, though often

used just as word processors. The major
finding of Taylor's work was that the
arterial pulse undergoes strong reflection
so that many of the most prominent
features of the arterial pulse are due to
wave reflection, or echoes, superimposed
on the initial pulse generated by
contraction of the heart itsell.

Qur goal ten years back was to obtain
a robust, reliable, and accurate methaod
for measuring the arterial pulse non-
invasively:- i.e. a modern day version of
the 19th century sphygmogram. We
developed such an instrument in
association with Huntly Millar of the
Millar Instriment Company of Houston,
and documented its vast superiority over
previously avaitable sphygmograms
{Figure 2). Woe used this instrument to
show differences in the arterial pulse at
different sites in the body, and the effects
of aging, and of drugs. In his doctoral
thesis and subsequent publications, Ray
Keily established normal age-related
pulse wave patrerns in a study of over
1000 normal subjects and investigated
effects of disease states and drugs on the
pulse contour. With respect to drug

On

i
I !f!i.‘li!

therapy, our most important finding was
that vasodilator drugs such as
nitroglycerine have a far greater effect in
lowering systolic blood pressure at the
hearr and in central arteries than at the
brachial artery where pressure is
recorded conventionally (Figure 3).
Hence we showed that conventional
monitoring could systematically, and
markedly, underestimate the beneficial
effects of these drugs. Such findings
have now been validated by others. The
differential effect on systolic pressure in
central and peripheral arteries can be
explained on the basis of difference in
timing of wave reflection. With respect
to aging change, we were able to show
that increase in systolic pressure over a
life span in man is greater at the heart
and in central arteries than at the
brachial artery where pressure is
conventionally recorded, and that such a
boost to systalic pressure is largely due to
carly and exaggerated wave reflection.
Two academic visitors on Sabbatical
leave (Professor Toshio Yaginuma,
Omiya, Japan and Professor Wilmer
Nichols, Florida, USA ) contributed
substantially to this work, and have
extended it with their vounger

collaborators in their own countries.
The benefits that have flowed from
these associations provide an example of
the value in having sabbatical leave
visitors at one's own institution,

Figure 2. The mechanical Dudgeon
sphygmogram as used by Sir James
Mackenzie avound 1900 {inset}, and the
high-fidelity electronic tonometer
developed with Huntly Millay in 1985
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was all done on ventriculography but
currently at St. Vincent's Hospital the
MRI scanner is used because on a
sagitctal MR image rhe anterior
commissure and the posterior
commissure can be directly visualized
and the line drawn between them ¥
(Figure 3). The VIM nucleus is
identified by measurement from the
posterior commissure; that is 3/12ths of
the distance of the anterior commissure-
posterior commissute line. The typical
lateral position of the VIM varies
between 13.5 millimetres {for normal
brain) and 16 millimetres or more (for
brains with an enlarged 1lIrd ventricle)
from the midline of the brain. The
laterality depends on the width of the
llrd ventricle.

The procedure is done under local
anaesthetic so the abolition of tremor
with stimulation can be assessed. The
MRI intermediate localizer (Radionics)
is inserted under local anacsthetic and
fixed to the skull by four pin fixation.
MRI scans are then performed and the
target cafculated by the above
technique. The patient is returned to
theatre where the CRW Stereotactic
apparatus (Radionics) is connected to
the MRI intermediate ring and the area
draped for surgery. An incision is made
adjacent to the midiine in the region of
the coronal surure. A curvilinear
incision is made and a small twist drill
burr hole, the diameter of 1/8" is made
and the dura then pierced. A canula is
then inserted down to the coordinates
that have heen chosen for the target. ke
is inserted in an incremental fashion
starting about 10 millimetres before the
chosen target and extending down in an
incremental fashion of three millimetre
separation to the target so the best site of
stimulation  can  be achieved.
Physiological stimulation is important to
verify the anatomical localization. At
each distance from the target the area is
stimufated and using the Radionics
Radiofrequency Lesion Generator a test
stimulation is made (Figure 4). This is
used to ascertain whether there is
abolition of tremor without side effects.
The electrode s advanced two
millimetres beyond the target and
stimulated to decermine the best of
tremor abolition and where the least side
effects such as paraesthesia might occur,
The target that gives the best cessation
of tremor and the least side cffects is
chosen for the placement of the
implanted electrode.

A quadripolar Medtronic electrode is
inserted. At the tip of the electrode

there are four stimulating areas which
can be used in unipolar or bipolar mode
(Figure 5). This has the advantage that
the electrode which gives rhe besr
stimulation can be chosen for the
chronic pacing. If this is not the first
electrode then the second or third
clectrode can be used. The electrode is
implanted through the canula, the
canula withdrawn and the ciectrode
inserted subcutaneously under the skin
connected to the external electrode. At
the second procedure some days later,
the electrode is connected to the
pacemaker hox which is placed in the
infraclavicular region (Figure 6). The
electrode is not connected to the
internal pacemaker at the first operation
because of a microthalamatomy effect
fram passage of the electrode and also
with the external lead the best
perimeters for control of tremor can be
ascertained.

DisCcUSSION

The neurosurgical treatment of
choice for disabling, drug resistant
tremor has been ventral intermediate
nucleus (VIM) thalamotomy #¢,
However tremor occurs in about 20% of
cases ", there are significant adverse
effects ® and the risks are compounded
when the proceduse is done bilateratly .

Figure 3. Sagital MRI scan showing the
AC-PC line

Figure 4. The stimudating elecirode is passed to
the VIM Nucleus under local anaesthesia and a
test stimudation made

Where thalamotomy is performed,
anatomical localization is achieved with
ventriculography, CT or MRIL
Physiological confirmation of the correct
rarget site for thalamotomy is petformed
intraoperatively prior to the destructive
lesion being made. Since the ventral
intermediate nucleus is surrounded by
the internal capsule, thalamic nuclei
{the dorso lateral and ventro medial
complex}, and red and subthalamic
nuclei, an error in coordinates may cause
severe post operative complications such
as speech, gait and movement disorders.

Acute  intraoperative  VIM
stimaulation arrests tremor @. Professor
Benabid and his co-workers initiated
study on chronie thalamic stimulation
other than to perform a destructive
lesion. Previously, chronic thalamic
stimulation with deep brain stimulating
clectrodes had been used safely in the
treatment of intractable pain for more
than 25 years. Benabid and his co-
workers @ implanted a stereotactic high
frequency device in the VIM nucleus to
C()ntrol Parkinsonian tremaor and
obrained good results in their patients.
They reported two years later that the
favourable effect of chronic thalamic
stimulation seemed to be maintained
over the long term ®. A similar

technique was proposed by Blond and
Seigfried ® who emphasized the
reversibility of the surgical procedure,

Figre 5. The Quadripolar Medironics electrode

Figure 6. The ITREL Pacemaker box
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