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Abstract: - Osteosarcoma is the most common primary malignant bone tumor (bone cancer) in 
children and adolescents. Doctors currently treat Osteosarcoma patients by combining a biopsy 
and Chemotherapy. After a patient has undergone Chemotherapy, doctors do a biopsy to establish 
the ratio of dead tissue to cancer cells in the bone. Based on these results, the decision for 
treatment is made. The current method is to compute the ratio by finding an average of the cross 
sections. This method is prone to error if the surfaces of cross sections have different values. We 
do not know the real volumes of dead tissue and cancer cells therefore we create 3D graphic bone 
models within any shape used in simulation for the bone biopsy and then the ground truth (the 
ratio of real volumes of dead tissue to cancer cells form each model) is known. Experiments show 
that the error in the current method with its ground truth is in a range of between zero and 47 
percent. In medicine, accuracy is critical. To become more accurate in the bone biopsy system, 
we use the Cubic Spline Interpolation method to predict the volumes between any two 
consecutive cross sections. We then compute the ratio between these two volumes. Experiments 
show the proposed method gives more accurate results than the current method used. The error of 
the proposed method with its ground truth is less than 10 percent.  
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1 Introduction 
Bone cancer is a serious disease especially 
Osteosarcoma. It is the most common 
primary malignant bone tumor (bone cancer) 
in adolescents (between the ages of 10 to 25 
years old). This type of cancer is dangerous 
and prolific. In the past, doctors have 
operated on Osteosarcoma patients, with 
only a 20% success rate for extending the 
patients lives by five years or less. With 
modern technology, operations can help 
40% of Osteosarcoma patients, but the 
operation results have not been good. In 
1972, Jaffe, MD, professor of Pediatrics, 
University of Texas, reported that using 
Methotrexate and Doxorubicin 
Chemotherapy for Osteosarcoma patients 
gave good results. Therefore currently 
doctors are using a combination of 
Chemotherapy and a set of biopsy results for 
treating Osteosarcoma patients. After a 
patient has undergone Chemotherapy, 

doctors do a biopsy to establish the ratio of 
dead tissue to cancer cells in the bone. The 
percentage of ratio is separated into four 
ranges; 0-50, 50-90, 90-99, and 100. Based 
on this ratio, the decision for treatment is 
made. For example, if the ratio is more than 
90% they will continue receiving the same 
Chemotherapy, because the cancer cells are 
responding well to the Chemotherapy. When 
dealing with other ratios, doctors will adjust 
the treatment and change the dose of 
Chemotherapy, such as Cis-Platinum.  

The ratio of dead tissue to cancer cells 
in the bone is important, because doctors 
base their treatment of their patients on this 
ratio. If we compute a ratio that is lower 
than its real value, patients will suffer 
adversely with the stronger medication. If 
we compute a ratio that is greater than its 
real value, patients will suffer with recurring 
bone cancer. The current method is to 
compute the ratio by finding an average of 
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the cross sections. This method is prone to 
error if the surfaces of cross sections have 
different values.   

The real volume of cancer cells could be 
established if we could grind the bone, but 
this is impossible. Since we can not find the 
real volume of bone cancer, we create 
various 3D bone models by random 
selection of the dead tissue and cancer cells. 
The ground truth ratio volumes of dead 
tissue to cancer cells are established from 
these 3D models.  

Simulations are done of the current 
biopsy method using these 3D models. For 
each 3D model, the ratio of dead tissue to 
cancer cells is computed using the current 
methods. The error of the ratio is then 
computed from the ground truth ratio, and 
experiments show that the error of the 
current method varies from zero to 47 
percent.  

A new method to compute the ratio of 
dead tissue to cancer cells in the bone biopsy 
is hereby proposed. Simulation of the cubic 
spline interpolation method to predict the 
dead tissue and cancer cell volumes between 
any two consecutive cuts are used, then the 
ratio between these two volumes are 
computed. The error of the ratio is computed 
from the correspondent to its ground truth 
ratio. From experiments, the cubic spline 
interpolation is a better method producing 
results within an error margin of 10 percent.  

Further, Section 2 reviews the current 
method of finding the ratio of dead tissue to 
cancer cells. A new method is proposed to 
compute the ratio of dead tissue to cancer 
cells in the bone biopsy in Section 3. In 
Section 4, the error matrix and experiments 
are addressed, with concluding remarks in 
Section 5. 

 
2 Current method  
After a patient has undergone 
Chemotherapy, the doctor extracts a piece of 
cancerous bone, as shown in Figure 1. The 
bone is divided and cut into one inch cross 
sections. Each cross section is peeled to a 
thickness of 2 micron and placed onto slides 
in preparation for the bone biopsy. Figure 2 

shows an example of the cross section 
surface. Figure 3 shows the small pieces of 
the cross section surface. Each is placed on 
the slide ready for the bone biopsy.  

 

 
Figure 1: A piece of cancer bone 

 

 

Figure 2: A cross section surface 

                

Figure 3: Small pieces fit biopsy slides 

After the bone biopsy is processed, the 
area of dead tissue and cancer cells is 
established for each cross section surface. 
From here on, we use the cross section for 
the cross section surface. For each cross 
section i, let ix  be the area of the dead 

tissue, and iy  is the area of the cancer cells. 

Given cR  is the ratio of dead tissue to 
cancer cells with the current method. n is the 
number of cross sections. Then we can 
compute Rc as E 1 (or Equation 1). 
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3 The proposed technique 
There is a one centimeter distance between 
each cross section. We know the values at 
the cross sections, but we do not know the 
values between the cross sections. The data 
between the cross sections can vary. If the 
data between the cross sections is not in a 
straight line, the average is prone to errors, 
as per the current method. 

We use interpolation to predict values 
between known cross sections. We have 
developed Matlab software to simulate and 
compute the bone biopsy by using the 
‘spline’ (or cubic spline) interpolation 
method.             

We compute the volumes of dead 
tissue and cancer cells by using E 2 and E 3. 
Let deadpV _  predict the volume of dead 

tissue and cancerpV _  predict the volume 

of cancer cells. 
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Where: 
 i  is the cross section ith  ; i can be 1 to n 

ix  is the predicted area of the dead tissue on 

the cross section ith  

1+ix  is the predicted area of the dead 

tissue on the cross section (i+1)th  

iy  is the predicted area of the cancer cells 

on the cross section ith  

1+iy  is the predicted area of the cancer 

cells on the cross section (i+1)th  
∆c  is the distance between the two 
consecutive predicted areas 

We then compute the predicted ratio 
( pR ) of the dead tissue’s volume to the 

cancer cells’ volume as E 4.  

cancerpV
deadpV

pR
_

_
=                              E 4 

     
4 Experiment study 
Since we do not know the real volumes of 
dead tissue and cancer cells, we have to 
simulate this by creating 3D bone models.  

 
4.1 Simulation with 3D models 
We developed Form Z software for creating 
3D bone models. In Figure 4, an example of 
how a bone model is built. The doctor 
extracts a piece of bone, and then does cross 
sections (the red area) of the bone. To cover 
all possibilities, we have to create randomly 
with all shapes of models of the dead tissue 
and cancer cells as shown in Figure 5 and 6. 
The red area from Figure 4 is magnified in 
Figure 5. In Figure 5, we can see the random 
dead tissue inside the cylinder of cancer 
cells. Its cross sections are shown in Figure 
6. The cross sections of the real cancer bone 
are illustrated in Figure 7. We build 100 
models for simulations. For each model, we 
know the volumes of dead tissue and cancer 
cells. 

Figure 4: A bone model 
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Figure 5: The random dead tissue inside the 
cylinder of cancer cells 

          
Figure 6: Cross sections (3 D model) 
 

 
 
Figure 7: Cross section (real cancer bone) 
 
4.2 The exact ratio 
We then can compute the exact ratio (R) 
between the known volumes of the dead 
tissue and the cancer cells by using E 5. R is 
the ground truth. 

cancerV
deadV

R =    E 5 

Where: 

deadV  is the known volume of the dead 

tissue 
cancerV  is the known volume of the cancer 

cells 
 

4.3 The error matrix 
We define the error metric by using E 6 and 
E 7. The error metric can measure how 
much error there is for each method 
compared with its ground truth. There are 
two error metrics; E 6 for the current method 
and E 7 for the proposed method. 
 

100
R RcErrc R

−
= ×         E 6 

100×
−

=
R

pRR
pErr   E 7 

Where: 
cErr  is the percentage of error between the 

current method and its ground truth 
pErr  is the percentage of error between the 

proposed method and its ground truth 
 
4.4 Experiment Results 
We do 100 model simulations, and for each 
case we create models randomly in any 
shape. Then we compute R, Rc , pR , 

cErr , and pErr .  

All the cancer cells are in a cylindrical 
shape, but the dead tissue is random. In 
Figure 8, the X-axis is the standard deviation 
of the cross sections, areas of dead tissue. 
The Y-axis is the percentage of error ( cErr , 
or pErr ). We can see that the current 

method gives the higher error. The ‘spline’ 
or cubic spline interpolation method gives 
errors of less than 10 percent for any 
standard deviation.  

In Figure 9, the percentage of error 
between current methods and the ‘spline’ 
methods are compared at various ratios of 
dead tissue to cancer cells. Again, we can 
see clearly that ‘spline’ or the cubic spline 
interpolation method is much more accurate 
than the current method in all ratios. The 
current method is sensitive to ratios with 
ratios of less than 60 percent having more 
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