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Abstract. – OBJECTIVE: We aimed to uti-
lize artificial intelligence (AI) via machine learn-
ing (ML) to analyze the relationship between vi-
sual analogue scale foot and ankle (VASFA) and 
short-form 36 (SF-36) quality of life scores and 
determine AI’s performance over the aforemen-
tioned analysis.

MATERIALS AND METHODS: We collected 
data from our registry of 819 data units or rows of 
datasets of foot and ankle patients with VASFA, 
SF-36 scores, and other demographic data. They 
were prepared and verified to be a proper input 
for building ML models using a web-based algo-
rithm platform. After the first ML model was devel-
oped using random forest regression, the SF-36 
percentage value was set as an endpoint. We de-
veloped a second ML model to evaluate it against 
the current algorithm. This new model employed a 
gradient-boosting regressor, where we omitted a 
key parameter, SF_Total, to correct the overfitting. 
We performed an external validation based on an 
unseen dataset from 42 data units of patients. 

RESULTS: Internal validity showed an excel-
lent relationship among the VASFA, SF-36 total 
score, and overall SF-36 percent values at a cor-
relation coefficient (R2 score) of 1.000 based on 
the random forest regression model of ML (first 
model: 28XJ). The VASFA percent value of the 
total score (0=worst; 100=best) demonstrated 
the dynamic changes in the three zones of the 
score levels; these were unsatisfactory: ≤ 57.25; 
borderline: 57.26-80.99; satisfactory: ≥ 81 and 
could impact the levels of overall SF-36 percent 
value. A second ML model (model FK13) showed 
an R2 score of 0.977, which was a great perfor-
mance. External validation showed no signifi-
cant difference between the predicted and ac-
tual values, with a two-tailed p-value of 0.2136.

CONCLUSIONS: Our ML models predicted 
excellent relationships among VASFA, with or 
without SF-36 total score and overall SF-36 per-
centage values, with evidence from external val-
idation. 

Key Words:
Artificial intelligence, Foot, Ankle, Visual analog 

scale foot and ankle, Short-form 36.

Introduction

The visual analogue scale for foot and ankle 
(VASFA) is a well-known and reliable score for 
measuring functional and other effects of foot 
and ankle disabilities1. It has been extensively 
validated in several studies1,2 for its correlation 
with short-form 36 (SF-36) quality of life scores. 
VASFA is used to evaluate the functional status 
of patients with foot and ankle pathologies, in-
cluding those undergoing total ankle replacement 
surgery1-5. However, there were some limitations 
in delineating the detailed impact of each sub-
scale of the VASFA on the SF-36. With the rise 
of present-day Artificial Intelligence (AI) tech-
nology, it can effectively analyze various condi-
tions in orthopedics and trauma fields due to its 
superior performance6,7. Currently, little is known 
about the role of AI assistance in the analysis of 
correlations between functional outcomes and 
health-related quality of life (QoL) scores in foot 
and ankle patients. The present study aimed to 
utilize AI to analyze the in-depth relationship 
between the VASFA and SF-36 quality of life 
scores, including data drivers or predictors and 
internal validity. This was also used to determine 
AI performance in the aforementioned analyses.

Materials and Methods

We collected 819 data units or rows of datasets 
in all patients from our hospital database registry 
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of foot and ankle patients who were diagnosed 
and treated by a single fellowship-trained foot 
and ankle surgeon. Each data unit or row of the 
dataset consisted of the VASFA with its sub-
scales, SF-36 scores, and other demographic data 
as multiple items in Table I. All data units or rows 
were prepared and verified to be used as a disci-
plined dataset and a proper input for building ma-
chine learning (ML) models using a web-based 
algorithm platform on ObviouslyAI (available at: 
https://www.obviously.ai/).

ML automated the selection of an appropriate 
method to build a model for the analysis and 
prediction of the in-depth relationship between 
VASFA and SF-36 scores, including data drivers 
or predictors. The SF-36 percentage was set as the 
endpoint. Another variable with both categorical 
and continuous data was the drivers. As mentioned 
earlier, ML selected the random forest regression 
model to analyze the dataset. Results, includ-
ing predictions, were obtained following complete 
analysis. We also created another ML model that 
employed a gradient-boosting regressor, where we 
omitted a key parameter, SF_Total, to correct the 
overfitting. Subsequently, we performed external 
validation based on an unseen dataset from 42 
data units of foot and ankle patients under the care 
of the same foot and ankle surgeon. We used the 
zones of interest from the ML model to predict 
SF-36 percent values from each zone and then 
compared those values with the actual values from 
the original data unit using the t-test for analysis on 
GraphPad (La Jolla, CA, USA).

The institutional Ethics Committee of the Fac-
ulty of Medicine, Thammasat University, ap-
proved this study on December 9th, 2016, with ap-
proval number MTU-OT-9-CR079-079/53. This 
approval included permission for data collec-
tion and analysis, including nonlinear correlation 
analysis, with no prohibition of AI use. 

Statistical Analysis
Internal validity was used to assess the rela-

tionship among parameters based on the ran-
dom forest regression model or gradient-boosting 
regressor of the ML. Regarding the impact of 
drivers for in-depth details, our models 28XJ 
and FK13 were used to assess the relationships 
between VASFA and SF-36 percent values as a 
point-to-point analysis and the results. Regarding 
the external validation based on an unseen data-
set from 42 data units of foot and ankle patients, a 
comparison was made between the predicted and 

actual values using GraphPad by Dotmatics (La 
Jolla, CA, USA). A p-value < 0.05 was considered 
as the significant difference.

Results

Internal validity showed an excellent relation-
ship between VASFA, SF-36 total score, and over-
all SF-36 percent values at a correlation coefficient 
(R2 score) of 1.000 based on the random forest re-
gression model of the ML (first model: 28XJ). We 
created a second model, model FK13, which used 
a gradient-boosting regressor that showed an R2 
score of 0.977, which was a great performance. In 
this method, we omitted a key parameter, SF_To-
tal, to correct the overfitting in our study.

Regarding the impact of drivers for in-depth 
details, our model 28XJ revealed in-depth rela-
tionships between VASFA and SF-36 percent val-
ues (Figure 1). The VASFA percentage value of 
the total score (0=worst; 100=best) demonstrated 
interesting in-depth details in terms of dynamic 
changes in the three score level zones as a non-
linear curve pattern. There were three zones of 
interest, namely unsatisfactory: ≤ 57.25; border-
line: 57.26-80.99; satisfactory: ≥ 81, which could 
impact the levels of overall SF-36 percent value.

Another important driver was the patient’s 
sex, which had a different impact on the SF-36 
percent value. The female sex negatively affected 
the SF-36 percent value by about -3.87; however, 
the male sex affected the same value in the range 
of -3.21–25.12.

The external validation showed no significant 
difference between the predicted and actual val-
ues, with a two-tailed p-value of 0.2136. This anal-
ysis confirmed the substantial validity of model 
28XJ, which could predict the value of SF-36 using 
the VASFA score with good performance.

Discussion

We highlighted the interesting role of AI using 
ML in demonstrating the in-depth relationship be-
tween VASFA and SF-36 scores. ML can identify 
the effects of factors not previously documented 
in foot and ankle patients, such as different zones 
of interest from the VASFA that uniquely influ-
ence SF-36 scores, as well as varying impacts of 
sex on the same score. The relationship between 
VASFA and SF-36 in these zones of interest has 
not been previously reported. Our ML model, 

https://www.obviously.ai/
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Table I. Dataset for the machine learning models building.

Item - Visual Analogue Scale Foot and Ankle score in each item, RT – right, LT – left.

Study 
number Side Period of 

symptom Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11 Item 12

738845 RT > 4 weeks   65   30   30   20   40   40     0   50   50   50     0   30
956016 LT > 1 weeks     0     0     0     0     0     0 100     0     0     0     0     0
956016 LT > 4 weeks   40   70   70   70   60   60 100   60   50   40   80   50
1181597 RT > 4 weeks   40   70   40   70   40   40 100   70   80   40   30   70
716681 LT 1 week   60 100 100     0   40 100 100   40   50   70 100   70
716681 LT > 4 weeks   70 100 100   50   70 100 100   30 100 100 100 100
716681 LT 1 year 100 100 100 100 100 100 100 100 100 100 100 100
716681 LT 1.1 year 100   60   90   90 100 100 100 100 100 100 100 100
812569 LT > 1-2 weeks 100 100   90 100 100 100 100 100   90 100 100 100
770975 RT > 1 week   40   30   20   20   80   30     0   60   70   50   30   60
1154873 LT 1 week   50   50     0     0     0 100 100   50     0     0     0   50
1154873 LT 1.9 year 100 100 100 100 100 100 100 100 100 100 100 100
1177799 RT > 1 weeks   30   30   30     0     0 100     0   50   50   50     0     0
1177799 RT > 4 weeks     0   80   80   50   50   50 100     0     0     0   50     0
1177799 RT > 8 weeks   80 100 100   50   50   80 100   60     0     0 100 100
1112475 RT > 4 weeks   80   20   20   20     0     0 100     0     0     0     0     0
1112475 RT > 8 weeks 100 100 100 100 100   20 100 100 100 100   50 100
1112475 RT > 6 months 100 100 100 100 100 100 100 100 100 100 100 100
1112475 RT 2 years 100 100 100 100 100 100 100 100 100 100 100 100
748784 LT > 2 weeks   60 100 100 100     0     0 100   70 50   80   80     0
1120042 RT>LT > 4 weeks   60 100 100 100 100 100     0   50 100 100 100   50
732433 RT > 3 weeks   70   50   50   50     0     0 100     0     0     0     0     0
732433 RT > 2 weeks   70   50   50   90     0     0 100     0     0     0     0     0
732433 RT > 8 weeks 100   95   95   90   80 100 100 100 100 100 100   95
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28XJ, outperformed the general capabilities of 
linear correlation analysis by providing more 
detailed insights through its nonlinear correlation 
analysis. Saarinen et al3 reported the minimal 
important change (MIC) in VASFA using an an-
chor-based predictive method. In contrast, model 
28XJ surpassed manual analysis by uncovering 
nonlinear relationships between VASFA and SF-
36 percent values within the identified zones of 
interest. The results are shown and plotted in a 
meticulous table and nonlinear regression curves, 
respectively. The zones of interest curve indicat-
ed that VASFA did not correlate with SF-36 in a 
linear trend but showed a complex nonlinear pat-
tern. In addition, it delineated an unknown zone 
of interest as the borderline zone, which was the 
zone of inconsistent trends of values, such as up-
ward and downward trends. This was highly ben-
eficial for foot and ankle surgeons, as well as oth-
er healthcare professionals, in using this zone of 
interest curve to predict the treatment outcomes 
related to patients’ health-related quality of life. 
By using VASFA as a key indicator, they could 
better anticipate whether patients would fall into 
unsatisfactory or satisfactory outcome zones. In 
addition, our external validation ensured that our 
model 28XJ could be used in a real-world setting 
to predict the SF-36. This method is consistent 
with a previous study8 on ML’s validity to predict 
treatment outcomes.

Several previous studies9-11 have proposed the 
benefits of AI for outcome prediction under var-
ious conditions. An interesting study12 previous-
ly demonstrated that machine learning methods 
could predict functional outcomes with treatment 
goal setting at the beginning of treatment. An-
other study13 showed that machine learning can 
accurately predict short-term adverse outcomes 
following open reduction and internal fixation of 
ankle fracture. Our ML was consistent with the 
aforementioned studies in predicting the qual-
ity-of-life outcomes following foot and ankle 
disabilities using patient parameters, especially 
VASFA and sex. 

Our study had some limitations. First of all, 
our first model (model 28XJ) had potential over-
fitting. However, we created a second model, 
FK13, with another algorithm and dropped off 
a significant factor (SF_Total) to compare the 
performance to the first model and correct over-
fitting, respectively. The results of model FK13 
showed great performance that could be evidence 
to support our overall ML platform for further 
research and broader application. Secondly, we 
performed external validation using a limited 
number of data units. 

Conclusions

Our ML platform (models 28XJ and FK13), 
based on a web-based ML algorithm platform, 
predicted an excellent relationship among 
VASFA, with or without SF-36 total score, and 
overall SF-36 percentage values supported by 
external validation. It outperformed manual 
investigation in terms of in-depth correlation 
analysis, especially nonlinear predictions, as 
the zones of interest between the VASFA and 
SF-36 scores. This ML platform needs further 
validation studies with a larger scale of data 
to augment the models’ robustness for broader 
applications.
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