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Abstract 

Spinal Correction surgery is a very critical and delicate surgery. There are many 
parameters that comes into play for a normal spine. There are factors like sacral 
angle, pelvic incidence. Etc. Often during the surgery if the surgeon mistakenly 
performs procedure which results in the increase or decrease of for example: 
Cobbs angle or the sacral slope then the patient would have to live with that 
kind of disorder. Often Before a surgery if there is one problem for example: 
while treating a spinal cord injury. The primary agenda of the doctors is to fix 
the injury. However, during the process there could be some complications from 
performing the primary process which could lead to a mal-alignment of the 
spine. A Simple Intuitive expert system has been made using open-source 
frameworks and simple Machine Learning tools. Which the surgeon could use 
During the Surgery to identify a correct spine or an incorrect spine after 
performing the operation. 

Keywords: Artificial Neural Networks, Gradient Descent Algorithm, Cobb’s 
Angle, Multilayer Perceptron 

 

I. INTRODUCTION 
Lower  back  torment  can  be  caused  by  an assortment of issues with any parts of the 
unpredictable, yet interconnected system of spinal  muscles,  nerves,  bones,  circles  or 
ligaments   in   the   lumbar   spine.   Typical wellsprings of low back agony include: 

The  extensive  nerve  network  in  the  low back that go to the legs might be impaired. 
The smaller nerves that supply the low back might  be  aggravated  .The  large  grouped 
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lower back muscles (erector spinae) might be  strained.  The  bones,  tendons  or  joints 
might  be  harmed.  An  intervertebral  plate might decline A disturbance or issue with 
any of these structures can cause  back pain as well as pain  that emanates or is alluded 
to different parts of the body. Many lower back  issues  likewise  cause  back  muscle 
spasms,   which   don't   seem   like   much however  can  cause  extreme  torment  and 
inability. 
 
So,  to  treat  these  cases  we  would  need  a strong  foundation  on  the  morphological 
positioning  of  the  spine.  Often  During  a corrective surgery, the surgeon has to make 
certain   cuts   on   the   bone   which   could ultimately  change  the  orientation  of  
the spine  even  if  the  ailment  the  patient  is suffering from has been mitigated. 
 
The goal of this expert system is to provide surgeons     an     on-demand     source     of 
information   about   the   parameters   of   a normal spine as they perform the surgery. 
 

II. RELATED WORK 
Current Literature survey on existing works yielded the following with respect to 
Pattern Recognition and Machine Learning in the application of biomedical research 
and development. 

Previous work on the evaluation of classification methods had been done on a similar 
problem, whose datasets were that of patients having lower back pain. Paper[1] talks 
about a comparative study done on this dataset using Naïve Bayes and Perceptron. 
Where it was seen that Perceptron yields the highest accuracy. 

Paper [2] talks about making use of multivariate analysis of patterns from fMRI to 
highlight specific individual neurological markers which could be used for patients 
experiencing chronic pain. 

Paper [3] explores the application of CDSS (Clinical Decision Support System)in 
improving clinical practice. The paper further explores the success of such systems. It 
was seen that there was a 68% improvement of clinical practice when making use of 
CDSS from seventy studies. It has been found that the performance and accuracy is 
dependent on the feature weighting sophistication rather than the apparent compatibility 
with the learning algorithm [4]. 

Another comparative analysis using MLP was done on cancer detection also shows that 
MLP yielded the highest accuracy of close to 98% [5]. 

Paper [9] talks about making use of gridsearchcv to select the based parameters in the 
case of SVM. 
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III. PLAN OF ATTACK 

Fig:1 shows the representation of the ANN model . 

 
Fig.1: General Representation of a Neural Network 

 

X1 to Xn in this case are the input nodes i.e. Here we will pass the parameters we are 
considering here in this case. 
 

Input Parameters 

Table 1.0 

X1=Pelvic Incidence X5=Pelvic Radius X9=Thoracic Slope 

X2=Pelvic Tilt X6=Degree of spondylolisthesis X10=Cervical Tilt 

X3=Lumbar Lordosis angle X7=Pelvic Slope X11=Sacrum angle 

X4=Sacral Slope X8=Direct Tilt X12=Scoliosis Slope 

 

Since in this case we only have 1 large dataset. It is imperative that we make use of this 
dataset to do both the training and testing of the model instead of supplying a separate 
test set. So here we divide the dataset into two parts. We divide the sample in to the 
following parts . In the current training set we have 216 samples and the test set contains 
92 samples. The net number of samples for this dataset was close to 300 as reported on 
Paper[1] 
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Distribution b/w Test and Training Set 

Table 1.1 

Test Set Training Set 
92 216 

 

Output (Decision) 

Table 1.2 

Y1= Normal Shape  Y2= Abnormal (Correction needed or Re-calculate 
the parameters for better accuracy) 

 

In the hidden layer we pass in the Rectifier Function which is shown in the next figure. 
The Rectifier function in keras has the keyword “relu”. 

 
Fig. 2 Rectifier Function 

 

The Sigmoid function is denoted in the next figure 

 
Fig. 2.1: The Sigmoid Function 
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The Entire system has been defined in the next representation in Fig:3 

 
 

Fig.3 The Activation functions used 

 

IV. METHODS 
Here the focus is on using the Gradient Descent algorithm for the optimization of the 
weights. The Goal of the Neural Network is to reduce the overall cost function. if we 
consider a convex cost function then it is very easy to locate the minima. We also have 
the learning rate which we need to consider if we increase the learning parameter then 
there is certainly a reduction in the number of iterations but there is still the problem of 
overshooting the minima. 

 

 
Fig.4 Gradient Descent Algorithm 

Below Representation shows the idea of 

the minima and overshooting of it 
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We can view it in an another way that if a ball is dropped from the top and as it rolls 
down it would oscilate until it comes to a halt which is at the depression. The same 
thing goes on in this case . By adjusting the learning rate and the weight parameters w1 
to wn we hope that the cost function reduces and converges at some point i.e. minima. 

So usually we choose the learning rate based on past experiments to be at µ=0.01 (Read 
as eta). 

But then there is another question what if the entire cost function is non-convex in 
nature and is random for example. 

 

 
Fig:4.1 If the Cost function is non-convex 

 

Here in this case of Fig:4.1 there is a high probability that the “ball” might get trapped 
in any of the depressions formed by the cost function . In other words, the output might 
be a collection of weights which are trapped in the local minima. But there could also 
be multiple minimas in this case the goal is to find the best Minima where the error is 
the lowest. The chance of local minima trapping can be avoided by a technique called 
Stochastic Gradient Descent where we take row wise dataset and update the weights 
after each iteration instead of the “Batch Mode” which could lead to local minima 
trapping. 

The Dataset has been obtained from this past paper[1] which was previously focused 
on comparative study between the accuracy. But it has been slightly modified and 
additional attribute of “Normal” and “Abnormal” Spines have been added for 
simplicity. Since our goal here is to let the surgeon know if the spine is in fact normal 
or abnormal in terms of the considered parameters . 

The Parameters are related to the Sacral slope, Pelvic Incidence, Angle of Spondylosis. 
Etc we do not need to go into discussion about this as the dataset can be modified based 
on the opinions of the doctor. 
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Below Fig:5 gives some pictorial insights on what the parameters are . 

 

Fig. 5 [7][8] Some of the parameters which have been considered here in this case . 

 

The Parameters are entered into the Neural Network from the input layer and 1 set of 
hidden layers are initialized. The Number of Hidden layers chosen is dependent on 
many factors, most important being the amount of computation time and also typically 
we like to take the average of the number of input nodes and the number of output 
nodes[6]. So here in this case our problem is of binary outcome “Normal” or 
“Abnormal” Hence we choose the 14 hidden layers. 

The Choice of the gradient descent algorithm here also plays a crucial role in 
determining the accuracy. Here we also evaluate the difference in the performance 
accuracy of both. For the implementation of this system “rmsprop” and “adam” has 
been used. 

 

Parameter Tuning: 
In order to get the best accuracy and result from the algorithm the GridSearchCV 
module from sci_kit learn has been used . Here arbitrarily we pass in the compilation 
parameters instead of a specific parameter in Keras in a dictionary. 

The goal of using this is to ensure that our results have low variance and high accuracy 
in order to be used in a real time critical environment here in this case the operation 
theatre. 

When the gridsearch method is called on and executed it automatically finds the best 
parameters which in this case was “rmsprop”, batch_size=4 and epoch of “120”. The 
results for the same have been discussed in the Results section . 

 

IV.I   Bird’s eye view of the Process: 
As discussed in the previous sections this section gives the brief overview of the 
working of this system and how it is related to the application in surgery. 
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Fig. 6 Outline of the Entire process 

 

From Fig:6  it is seen that the system can be updated as the doctor performs the surgical 
corrections. The system predicts its response before the surgery as “normal” or 
“Abnormal” following which the surgeon has immediate access to the list of parameters 
which have caused the system to “spit” the “abnormal” decision which can then be 
readjusted to generate the correct prediction following which the surgeon gets to know 
the correct value of the parameter which has caused the “correct” output and can make 
the necessary surgical maneuverer. 

 

V.  RESULTS 
This section covers the results following the evaluation and training of the model.  
The Figure below shows a section of the dataset that have been used in this case. 

 
Fig. 7 Portion of the Dataset (Pre- processed in Spyder IDE) 
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Following the execution of gridsearch the best parameters have been selected 
automatically which are shown from the spyder console in the next figure 

 

 
Fig. 8 Chosen parameters from GridSearch yielded the highest accuracy. 

 

Now using these parameters, we train the network using rmsprop and we then pass an 
arbitrary unknown test set which is decided by the surgeon depending on the surgery 
and complication for which the result is generated. The next figure shows the likeliness 
of the unknown dataset from the surgery to be classified as a normal or abnormal spine. 
In which case ‘Abnormal” would mean certain procedure to get back to the decision of 
“Normal”. The output is defined as probability as a result of usage of the Sigmoid 
function which is expressed as 

𝑆𝑖𝑔𝑚𝑜𝑖𝑑(𝑥)
1

 

 

Unknown parameters : 

 

 
Fig. 9 The Decision of the Network is 1 

 

Which means that the network says that the set of supplied parameters bears sufficient 
resemblance to the human vertebrate column i.e. Normal. 

VI. CONCLUSION & FUTURE SCOPE 
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So, the performance of the model has thoroughly been evaluated and the output tested 
by supplying the desired parameters. 

The versatility of this kind of simple yet intuitive system is that it would allow medical 
professionals to quickly customize the data for that specific surgery for example: If 
assessing the size of cancerous tumour, the system could further re-classify as benign 
or malignant. The way the program has been structured ensured that the execution time 
is at its minimum. 

Final conclusion being open-source in nature the source code can be modified based on 
the type of application not only in surgery but also in Health Informatics as well. 
However, the amount of data plays a bigger role in determining the overall accuracy of 
the system apart from the network structure and the activations which has been used. 
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