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INTRODUCTION  
Orthopaedic oncologic surgery requires resection with a safe margin as inadequate 
surgical margin leads to unfavorable results with an increased rate of local tumor re-
currence [1]. Computer Navigation Assisted Surgery (CAS) and Patient Specific In-
strumentation (PSI) have been reported to increase accuracy and predictability of 
tumor resections [2-6]. The technically demanding joint-preserving surgery that re-
tains the native joint with the better function may be benefited from the new tech-
niques [7]. CAS has the advantages of real-time intraoperative guidance of the bone 
resections but requires bulky and costly facilities [5]. PSI is a simple option of repli-
cating surgical plan but lacks intraoperative image feedback on the surgery [5,6]. As 
primary bone sarcoma is uncommon, clinical studies for meaningful comparison of 
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the two techniques may not be feasible. The cadaver study was to investigate the 
surgical accuracy of CAS and PSI in joint-preserving tumor surgery of knee joint.  
 
 
 
MATERIALS AND METHODS 
CT scans of eight knees in four cadavers were performed. The CT images were im-
ported into an engineering software (MIMICS, Materialise) for the 3D surgical plan-
ning of simulated, multiplanar joint-preserving resections for distal femur or proxi-
mal tibia metaphyseal bone sarcoma [Fig. 1]. Tumor surgeons defined the virtual re-
section plans that were then transferred to a CT-based navigation system (OrthoMap 
3D, Stryker) for navigation planning by a method of  CAD to DICOM conversion 
[8].  Engineers used the same virtual plans for the design and fabrication of the PSI. 
The design of the PSI consisted of cutting platforms with a contacting surface that 
conform to the bone contour next to the sites of planned resections. Each of the four 
techniques (freehand, CAS, PSI and CAS + PSI) was used in four joint-preserving 
resections for two knees of a cadaver.  In the CAS+PSI technique, the navigation 
system helped confirm the correct placement of PSI before PSI-assisted bone resec-
tions. Post-resection CT images were co-registered with preoperative planning for 
comparative analysis. The location accuracy (the maximum deviation of distance be-
tween the planned and the achieved resections) and the time spent on the technique 
setup till the completion of the bone resections were measured. The results of the 
four methods were compared by using t-test (statistically significant if P< 0.05). 
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RESULTS 
Both the CAS+PSI and PSI techniques could reproduce the planned resections with a 
mean location accuracy of < 2 mm while that of the CAS and freehand technique 
was 3.6 mm and 9.2mm respectively (Table 1). A significant difference was found in 
the location accuracy of the freehand technique with the other assisted techniques. 
There was no statistical difference between the CAS+PSI and the PSI techniques 
(p=0.92) but a significant difference between the CAS technique and the CAS+PSI 
(p=0.042) or PSI technique (p=0.034). The PSI technique took the lowest mean time 
of 4.78 ±0.97min for bone resections. This was significantly different from the 
CAS+PSI technique (mean 12.78 min; p < 0.001) and the CAS technique (mean 
16.97 min; p = < 0.001). 
 
 
 
 
 

Figure 1 - On the left and on the right the 3D surgical planning of 
simulated, multiplanar joint-preserving resections for distal femur or 
proximal tibia metaphyseal bone sarcoma.  
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Table 1 - The results of the four techniques in joint preserving tumor surgery. 
 
DISCUSSION 
Up to date, it was the only cadaveric study of simulating joint-preserving tumor sur-
gery around knee joints. Our results suggested that the CAS or PSI assisted tech-
niques helped reproduce the planned multiplanar resections. The PSI method could 
achieve the most accurate bone resections (within 2mm error) with the least time for 
bone resections. It concurred with the results of a cadaveric study of comparing CAS 
and PSI in periacetabular tumor surgery [9]. Combining CAS with PSI technique 
might not improve surgical accuracy but might increase bone resection time. How-
ever, the PSI placement on the bone surface depends only on the subjective feeling 
of surgeons and also it may not apply if the extraosseous tumor component is large 
[5,9]. Combining CAS with PSI may address the limitations. Further clinical studies 
are needed to determine the clinical efficacy and indications of CAS or PSI tech-
niques in joint-preserving tumor surgery.  
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	Figure 1 - On the left and on the right the 3D surgical planning of simulated, multiplanar joint-preserving resections for distal femur or proximal tibia metaphyseal bone sarcoma.

