
CAOS in Paediatric Bone Tumour Surgery

Surgical navigation has been used by neurosurgery for a number of years as a method for accurately locating and resecting tumours within 
the brain. The anatomy of bony structures does not alter between image acquisition and the surgical procedure, therefore computer 
assisted technology lends itself well to use in orthopaedic surgery. Studies have demonstrated that this technology improves orthopaedic 
surgical accuracy across a wide breadth of procedures such as arthroplasty, knee ligament reconstructions and more recently, bone tumour 
surgery. This article aims to identify the importance of this new technology in paediatric bone tumour surgery and give an overview on its 
use.
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Introduction
Paediatric orthopaedic tumour surgery  is 
one of the most challenging areas of 
orthopaedic oncology. Tumours can be 
found in a number of regions, with the 
pelvis being one of the most challenging. 
The removal of a tumour, post-operative 
complications and need for revision, all 
have a large impact on quality of life in 
paediatric patients. The complexity of the 
pelvic region and the associated nerve and 
organ structures mean that surgical 
excision of tumours must be very precise. 
Resection without Computer Asissted 
Orthopaedic Surgery (CAOS) has a high 
rate of local recurrence because of the 
difficulty of achieving a wide local excision 
[1]. The use of computer assisted 
technology in sarcoma surgery has 
improved surgical outcomes by reducing 
local recurrence, reducing revision rates 

and by decreasing the rate of amputations 
and nerve root damage [2,3].

The tumour types
Two tumour types are often seen in the 
pelvis in the paediatric population. 
Osteosarcomas are the most common 
primary bone tumour and they are most 
commonly seen in teenagers and young 
adults. They form approximately 20% of 
all primary bone tumours and 
approximately 8% of these will be found in 
the pelvis [4]. 
Ewing's sarcoma is a rarer tumour, with 
around 65-75 cases per year in the UK. It 
is far more common in the paediatric 
population with a median age at diagnosis 
of 15 [5]. Pelvic Ewing's sarcoma is seen 
in 26% of all patients [6]. 
In the UK, pelvic Ewing's sarcoma are 
often treated pre-operatively with 

chemotherapy plus either radiotherapy or 
proton therapy. This makes surgery in the 
pelvis even more challenging and also has 
led to an increasing trend not to perform 
reconstruction due to the high risk of 
complications. This therefore makes 
protecting nerve roots and the hip joint 
essential to maintaining function.
While these tumours in the pelvis are rare 
and do not represent a large case load, 
they are often significantly advanced at the 
time of presentation. This is in part due to 
their rarity, but also due to the fact that 
localised symptoms only become apparent 
late in the condition as the pelvis can 
contain a large tumour without displaying 
symptoms. Also because of the young age 
of the patients, the impact on quality of 
life and functionality can be significant. 
This is especially true when considering 
the extent of surgical intervention that 

children often require. 
The length and 
complexity of surgery also 
means complications 
such as infection, 
dislocation and 
recurrence are high. 
CAOS has been used less 
frequently in the lower 
limbs at our centre but 
has been used at other 
units extensively [7]. One 
case of the use of CAOS 
in the lower limb is 

Dr. Philippa L. 
May  

Prof. Lee M. 
Jeys  

17  Journal of Bone and Soft Tissue Tumors  Volume 1  Issue 2  Sep-Dec 2015  Page 17-21| | | | |

Journal of  201  Sep-Dec;1(2)  -Bone and Soft Tissue Tumors 5 : 17 21



www.jbstjournal.comArcher JE et al

presented in this article. Other 
applications for CAOS include its use in 
biopsy and for radio-frequency ablation 
[8].

The Challenge of Pelvic Surgery
There are a number of features which 
make pelvic oncological surgery 
challenging and it therefore requires 
experienced and highly skilled surgical 
intervention. 
The first feature of note is the average 
size of tumours, at presentation primary 
pelvic tumours tend to be extremely 
large as the symptoms of a tumour in 
this region are often attributed to other 
causes such as musculoskeletal pain. 
Furthermore, swelling can be non-
palpable due to its location and the 
overlying muscle. These features in 
combination tend to mean that pelvis 
tumours are large at presentation, on 

3average 628cm  [9].
The underlying anatomy of the pelvis 
itself also makes this a challenging area 
to perform surgery. The pelvis is a large, 
complex three-dimensional structure 
with numerous nerves and friable soft 
tissues present. Because of its size and 
complexity, patients often have to be 
moved intra-operatively to facilitate 
appropriate access to the pelvis.
The tumours themselves also 
contribute to the difficulty of surgery. 
They frequently contain cystic lesions 
which may burst, furthermore they also 
can be weaker than the surrounding 
healthy bone structure leading to 
fracturing of the tissue to be removed. 
Furthermore, achieving a wide local 
excision of the tumour can be 
challenging. As discussed, these 

tumours tend to be discovered late, 
therefore they can have invaded into 
local soft tissue structures. Attempting 
to maintain joint, hip capsule and 
articular surfaces can help to maintain 
function but may impact on the 
completion of a wide local excision. 
These difficulties in resection of the 
tumour have led to the high rate of local 
recurrence reported [10], due to 
inadequate resection margins, both 
intra-lesional and marginal. 
One study looked at the success of wide 
local excision margins in the pelvis, in 
experienced surgeons, operating on 
model pelvises in ideal conditions. The 
probability of them obtaining a suitable 
margin was 52%, highlighting the 
difficulty of obtaining appropriate 
margins for surgical resection [11].
The primary aim of the surgery is of 
course excision of the tumour but an 
important secondary outcome is to 
ensure function. Reconstruction using a 
one-size fits all prosthesis is not 
possible in the pelvis due to the 
complexity of the mechanics of the 
pelvis. Therefore, individual prosthesis 
are required, which fit effectively to 
prevent further revision being required. 
In those fitted with an endoprosthesis 
the 5 year survival of the prosthesis was 
76% [10], compared with 87% survival 
at 12 years for those who undergo 
massive allograft reconstruction [12].
Once all of these other features have 
been overcome, the rates of 
complication are also high, due to all of 
the factors identified above. Three 
major case series have reported their 
complications and the data is included 
in the table below. They have reported 

complication rates of greater than 50%, 
with infection, local recurrence and 
dislocation being the major 
contributors as shown below (Table 1). 
How can we improve these outcomes?
There are a number of features that 
have been targeted to try and improve 
outcomes. 
Firstly, blood loss during surgery can be 
significant, as shown in the studies 
below. Every study shows an average 
blood loss of greater than 2.5 litres, 
which in a paediatric population 
represents a significant volume of blood 
loss (Table 2).
One method for reducing blood loss is 
hypotensive anaesthesia. By 
maintaining patients at a lower mean 
arterial pressure, the amount of 
bleeding can be reduced. A 
retrospective study using hypotensive 
epidural anaesthesia compared to 
standard anaesthetic technique was 
performed at The Royal Orthopaedic 
Hospital, Birmingham [20]. This 
showed that blood loss was significantly 
reduced by using this technique (Table 
3). 
The other big advance has been the use 
of CAOS. CAOS works effectively in 
the pelvis for a number of reasons. 
Firstly, the bony structure of the pelvis 
allows for multiple bony landmarks to 
be used as reference points. The 
registration of landmarks allows the 
computer to orientate itself correctly 
within space and therefore build up a 
correlation between the saved images 
and the three dimensional structures 
that are present. This correlation is 
what allows such accuracy at the time of 
surgery and helps to ensure an adequate 

Table 1. Displays the major complications reported in three major case 
series of patients with pelvic tumours which are treated surgically

Table 2. Displays the average blood loss in pelvic surgery as reported across five 
studies
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wide local excision by accurately 
delivering the pre-operative planned 
resection to within 1mm.
The image required for CAOS is also 
important as both CT and MRI offer 
benefits. CT images provide good detail of 
the bony structures, but MRI provides 
more information on the soft tissue 
structures and the extent of the tumours. 
Therefore, fusion of these imaging 
modalities has been performed [21] 
which allows for a more complete pre-
operative planning image. As technology 
advances further imaging modalities have 
been fused into this process including 
PET scans and angiograms.
There have been some reports of 
improved intraoperative registration being 
achieved by implanting four Kirschner 
wires, two in the iliac crests and two in the 
posterosuperior iliac spines, to act as 

permanent markers. 
The implantation of 
these wires helps to 
offset any error that 
may be produced by 
orientation 
difficulties and 
further enhances the 
accuracy of surgery 
within a delicate 
region [22].
Use of CAOS has 
shown a reduction in 
local recurrence rates 

from 26% to 13% at a mean follow up of 
13.1 months [2]. While this has not 
completely removed local recurrence, it is 
a significant reduction in preliminary 
practice. The authors suggest that as 
surgeons become more practiced in using 
the CAOS technology, further 
improvements could be seen. The 
importance of minimising registration 
errors is highlighted, as this can help to 
ensure good accuracy of the surgery and 
therefore good surgical margins can be 
achieved. One element of this registration 
accuracy is to ensure that the time 
between image acquisition and surgery is 
minimised.
Finally, the design of custom made 
implants has also been made possible by 
the precise planning and good quality pre-
operative images. Using the planning 
images, and the exact measurements and 

angles allowed by this process, the 
engineer can effectively design a custom 
implant which will fit exactly. This has 
previously not been possible as the 
surgeon would need to make a judgement 
at the time of the procedure regarding the 
extent of resection, so a pre-planned 
prosthesis, custom made to fit exactly to 
the patient was not always feasible. Good 
communication between the engineer and 
the planning surgeon is essential to 
ensuring that the implants will work 
effectively.

Case Illustrations
To highlight the importance of CAOS we 
now briefly discuss two cases which were 
performed at The Royal Orthopaedic 
Hospital, Birmingham using CAOS.
The first case is a case of a pelvic Ewing's 
sarcoma. The presentation MRI is shown 
below (Fig. 1). The case was discussed at 
the National Ewing's sarcoma MDT 
meeting, the location of the tumour made 
surgical resection very challenging as there 
was significant risk of damage to the L5, 
S1 and S2 nerve roots. She was initially 
given four cycles of chemotherapy and 
then re-discussed at the MDT meeting. 
Despite the high risk, the decision was 
made to combine surgery with 
radiotherapy as it was felt this would 
probably give the best outcome. The 
significant morbidity risks were discussed 
with the patient and her family. They 

Table 3. Displays the key results of a study comparing hypotensive anaesthesia 
to standard anaesthesia.

Figure 1: a-Presentation MRI of the 
pelvis demonstrating a pelvic tumour 
with an impact on the sacral nerve 
roots. b: A post-operative x-ray of the 
hip, demonstrating the region of bone 
removal and with a hip spacer in situ. c: 
A lateral planning image of the hip. d: 
An anterior planning image of the hip. 
e: Orientating the navigation software 
before tumour resection. f: Post-
operative MRI of the pelvis 
demonstrating the preserved sacral 
nerve roots.

a b c

fed
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decided to proceed with surgery. She 
underwent a computer assisted 
hemisacrectomy after pre-operative 
chemotherapy and radiotherapy with a 
good response. The images below show 
images from the planning software and 
then the orientation of the navigation 
technology (Fig. 1c,d,e). The operation 
was successful and managed to preserve 
the nerve roots and histology confirmed 
complete necrosis of the tumour. The 
images below show her post-operative 
recovery (Fig. 1 b,f). No further 
radiotherapy was therefore required. She 
made a good post-operative recovery and 
progressed so well that she was able to Ski 
one year after the procedure, where she 
fell and fractured her pelvis. This has now 
healed and she can walk an unlimited 
distance and is wakeboarding!
The second case is a lower limb Ewing's 
sarcoma. The presentation X-ray and MRI 
images are shown in (Fig. 2a,b). He 
underwent neo-adjuvant chemotherapy 
and had a good response to this. He then 
underwent a computer assisted radiation 

reimplantation of his right femur. His 
femur was removed and irradiated with 90 
Gy of radiotherapy (Fig. 2 c,d,e). He 
made a good post-operative recovery and 
histology confirmed complete necrosis of 
his tumour. The post-operative images 
below show good fixation was achieved 
(Fig. 2 f,g). He completed his post-
operative chemotherapy and made an 
excellent recovery with full weight bearing 
and good union of his osteotomies (Fig. 
2h,i) show his follow-up x-ray and an 
image of him walking to demonstrate 
normal function.
    

Figure 2: a: pre-operative X-ray of the right femur demonstrating 
the tumour within the femur. b: A pre-operative MRI of the femur 
demonstrating the extent of the tumour within the femur. c: An 
intra-operative photograph demonstrating the section of femur 
after removal from the patient. d: An intra-operative photograph 
demonstrating the stripping of the fascia and subsequent removal 
of the tumour. e: An intra-operative photograph demonstrating the 
stripped section of femur ready for re-implantation. f: A post-
operative X-ray of the right hip and femur demonstrating the 
placement of the plate. g: A post-operative X-ray of the right knee 
and femur demonstrating the placement of the plate. h: A follow-up 
X-ray of the femur, one year on from surgery, showing good union 
of the osteotomies. i: A follow-up photograph, one year on from 
surgery, demonstrating the patient fully mobile and fully weight 
bearing on the right leg.

a b c d e

f g h I

The use of CAOS has increasing evidence of 
providing improved outcomes. Early results 
seems to suggest decreased local recurrence, 
reduced rates of revision and decreased need for 
amputation (2). One of the major 
improvements offered by CAOS is the reduction 
in intra-lesional resection rates (1,23,24).The 
increased accuracy afforded by CAOS also 
allows for better fitting implants with better 
biomechanics, therefore helping to reduce 
complications and the rate of revision. 
Surgical planning time is currently longer when 
CAOS is used, however it is felt that as surgeons 
become more practiced this time will reduce. 
Furthermore, the currently increased time taken 
is likely worth it for the improvement in 
outcomes. Currently unpublished data from this 
centre also shows that there is a reduced 
operative time when CAOS is used. 
While cost-effectivity of this approach has not 
been assessed, the reduced complications and 
potential for reducing local recurrence would 
appear to point to a long-term cost saving by 
using this approach to paediatric bone tumour 
surgery in the pelvis.

Conclusion
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