
Osseointegration 
Related to Limb Prosthetics in Canada

  

In the past couple of years, new prosthetic technologies have focused mainly on new compo-
nentry like knees, feet and hands. For sockets and prosthetic fitting, developments in materials 
and designs have made significant progress in amputee comfort and mobility but the biggest 
challenge remains: “How to maintain a good fit”.

By: Tony van der Waarde, CP(c)

The use of artificial bone implants 
for lower and upper limb amputa-
tions has been documented since 
the 1960s. Some “experimental” 
human osseointegration (OI) pro-
cedures were done in the 1970s 
and ’80s in Toronto by Canadian 
engineers and surgeons, Dr. John 
Kostiuk from Sunnybrook Hospital 
and Dr. Geoff Fernie from West 
Park Hospital to name two, with 
whom I had interaction. When the 
idea resurfaced in Los Angeles, at 
Rancho Los Amigos Rehab Cen-
ter in 1970, I observed two bilat-
eral trans-tibial amputees walking 
with “hollow implants”, whereby 
the connection between the limb 
and the foot component was an 
actual vertical locking pin. The 

project was discontinued “due to 
complications”. 

A few years later Per-Ingvar 
Brånemark, a professor in Swe-
den, was instrumental in the 
transition of mandibular implants 
for use in amputated limbs. Dr. 
Rickard Brånemark utilized the 
technique developed by his father 
and expanded upon it. His first re-
ported case was in 1990 and the 
outcome seemed rather positive. 
Brånemark’s surgical clinic initially 
performed 25 osseointegration 
procedures in Sweden and later, 
more in several other European 
countries. 

A move toward an alternative 
to sockets was started, but with 
much opposition, especially from 
prosthetists. The concern wasn’t 

so much that their services were 
being contested. It was about the 
issues that some of their patients 
were experiencing with infec-
tions around the stoma (exit point 
through the skin) and mechanical 
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failures of the connector compo-
nents (Fig. #1).

The “Brånemark” method initial-
ly involved a three-stage protocol  
before allowing the amputee to 
use a prosthesis.

Stage 1: Original surgery to open 
the intramedullary canal and 
insert the implant. Wound closed 
– 3-month wait.

Stage 2: Distal end opened and 
unit connector attached. 1 to 
2-month wait.

Stage 3: The prosthesis fit with 
the adapter attachment or  
“coupler”.

Although some have done a 
two-stage procedure, minimizing 
the “down-time” for the ampu-
tee’s desire to walk, it wasn’t until 
2010 that Dr. Munjed Al Muderis 
in Sydney, Australia, initiated a dif-
ferent protocol, eventually leading 
to the one-stage osseointegration 
procedure. I had the opportunity 
to spend two weeks, in 2016, in 
his clinic to observe every aspect 
of his osseointegration regimen, 
including eight surgeries (Fig. #2). 
During this time, I observed (and 
practised with) the 20 osseointe-
gration amputees present at that 
time, using specific tools and 
learning the progressive “loading” 
(monitored weight-bearing) pro-
tocol (Fig. #3a and Fig. #3b).

Now, less than a year later, we 
have been instrumental in getting 
13 residents of British Columbia 
evaluated and “processed” for os-
seointegration and five have had 
their implants successfully done 

and are using their prosthesis full-
time… three were trans-femoral 
and two were trans-tibial. 

We are actively monitoring 
the progress of our provinicial 
pioneers and also have ongoing 
communication with numerous 
others (several across Canada and 
globally) via the internet. We have 
benefitted greatly from this daily 
interaction by receiving invaluable 
information that we can add to 
our knowledge base. 

The protocols for OGAAP (Os-
seointegration Group of Australia 
Accelerated Protocol) osseointe-
gration procedures are constantly 
changing as patient numbers 
increase (250+ between June 
2011 and January 2017). One 
prevalent change has been the 
highly-individualized rehab pro-
tocol, specifically related to full 
weight-bearing, which considers 
multiple factors including bone 
density scans. This has led to 
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some delays for recent trans-tibial 
amputees as a method of pre-
venting any potential problems 
related to low bone density.

During my visit, almost all 
of the amputees were starting 
the loading of the implant on a 
weigh scale within days of the 
implant surgery. A Canadian 
bilateral trans-femoral amputee 
(whose surgery I witnessed in 
Sydney) came by our office four 
weeks post-surgery, and was 
walking pain-free with the use of 
only one cane! She has had no 
complications in the 12 months 
since (Fig. #5). The two most 
recent trans-tibial amputees were 
kept from weight bearing (and 
prosthetic attachment) for six to 
eight weeks post-surgery.

The overview in Fig. #6 shows 
the layout of the implant and 
prosthetic interface hardware. 
There are specific tools required 
(Fig. #7) to remove the internal 
locking screw, the anti-rotation 

locking washer and the taper 
sleeve or connector. There is 
also the possibility for removing 
or tightening the internal screw 
holding the dual cone adapter in 
place (Fig. #8).

As of March 2017, 15 Canadian 
amputees have had osseointe-
gration surgery performed at the 
Macquarie University Hospital 
Clinic in Sydney, Australia, and all 
are doing well. No longer both-
ered by volume changes in their 
residual limbs, socket alterations, 
liners and suspension device 
replacements are no longer a ne-
cessity for them. Best of all, they 
are free from friction pain, skin 
breakdown and perspiration from 
the socket environment. All of the 
amputees surveyed reported an 
increased sense of “normality” in 
balance, feedback from terrain 
and, better body alignment – all 
resulting in an improved quality 
of life (Fig. #9). The first Canadian 
amputee to have OI surgery was 

Lori MacInnes from Prince Ed-
ward Island in January 2015 (Fig. 
#4).

Additional “benefits” which have 
been reported:

•  Decrease or total absence of 
phantom pain.

• Bone density improvement.

•  Less restriction of muscles,  
creating a stronger, more  
defined residual limb muscula-
ture.

•  The daily step-counts for sin-
gle- and double-leg amputees 
have increased by as much as 
50-80%, compared to use of 
their conventional prosthesis 
with a socket.

Areas to be aware of: 

•  Running or impact sports could 
potentially loosen or fracture the 
implant.

•  The need for more diligent skin 
care of the exit point of the im-
plant or stoma.

The original prediction that ampu-
tees with osseointegration will see 
a significant cost-saving over a 
5-10 year period is still unclear. In 
theory, the actual implant proce-
dure is only required once. There 
are amputees in Scandinavia who 
received the implant in the late 
1980s and have had no need for 
any additional surgeries.

A recent Swedish study in-
dicates that there is a need for 
more frequent repair/replace-
ment of knees, feet, shock-torque 
absorbers, etc. with osseointegra-
tion. It stands to reason that if the 
amputee becomes more active 
and puts more use on their equip-
ment that it will wear out sooner 
than it did with a traditional socket 
fitting and less walking. There are 
some manufacturers that are tak-
ing these facts into consideration 
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Figure 6

when designing new prosthetic 
componentry which is more 
durable (possibly more expensive) 
for more active osseointegration 
amputees (Fig. #10).

At this point we don’t have a 
true picture of how often the OI 
adapters will need replacement. 
Currently, the choice of manu-
facturers for OI components is 
extremely limited (two or three), 
and therefore the individual 
component fees are quite costly 
compared to a similar product 
used with traditional fittings. It is 
plausible that as more amputees 

elect for OI surgery, more manu-
facturers will produce comparable 
options at lower costs (Fig. #11).

Attempts at communication for 
funding of osseointegration pros-
thetic components have been 
made in British Columbia. They’ve 
been met with no response from 
B.C. PharmaCare. Now would be 
the opportune time for a national 
agreement or fee schedule to be 
developed and implemented. This 
would provide a unified approach 
to caring for osseointegration am-
putees in Canada. For cosmetic 
restoration covers, some unique 

possibilities can be designed as 
seen in Fig. #12 and Fig. #13.

Aside from myself, only two 
other Canadian prosthetists have 
received training in Australia for 
osseointegration prostheses. 
It is my wish that the younger, 
up-and-coming generations of 
prosthetists will embrace the 
challenge to become truly quali-
fied in osseointegration prosthe-
ses. The OI procedure is only the 
beginning of making the “Bionic 
Man/Woman” a reality. Improv-
ing prosthetic skills is not just an 
academic exercise, it requires 
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hands-on training and continuous 
networking.

We must keep in mind that 
osseointegration is not suit-
able for all amputees. Issues 
such as bone density levels, 
other medical complications 
and financial restraints are very 
critical considerations before 
an amputee should even start 
the process. They also need to 
consider the possible limitations 
on their physical activity if they 
are involved in running or im-
pact sports. Once the procedure 
is available in Canada, this will 
alleviate the financial objection, 
but there should still be a guide-
line of indicators and contrain-

dicators used for the selection 
process (Fig. #14).

I want to acknowledge the 
willingness of all the staff at 
Osseointegration Group of Aus-
tralia Accelerated Protocol and 
Stefan Laux at APC Prosthetics 
in Sydney, Australia, for being 
such good teachers. Please note 
that there are several centres in 
Europe, namely the Radbound 
Klinic in Nijmegen, The Neth-
erlands, that have done many 
osseointegration procedures and 
are seeking to collaborate with 
groups such as OGAAP to con-
tinue the evolutionary growth 
of osseointegration around the 
world.
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