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ABSTRACT: Background: Minimally invasive spine surgery (MISS) is widely acknowledged for its benefits, including
reduced recovery time and minimized complications. However, predicting surgical outcomes accurately remains a
critical challenge in clinical practice. Objective: This study aimed to develop and validate a predictive model for
assessing postoperative outcomes in minimally invasive spine surgery, focusing on complications, recovery times, and
overall success rates. Methods: A total of 128 patients who underwent MISS at the Department of Neurosurgery,
Evercare Hospital Chattogram, between January 2023 and June 2024, were included in the study. Data such as patient
demographics, preoperative health status, surgical approach, and intraoperative complications were collected.
Predictive models, including logistic regression, support vector machines (SVM), and decision trees, were trained to
predict outcomes. Statistical analyses were conducted using p-values, standard deviation (SD), and accuracy, sensitivity,
and specificity metrics. Results: The model showed an accuracy of 85.3%, with a sensitivity of 82.5% and specificity of
87.9%. The p-value for the overall model accuracy was <0.01, indicating strong statistical significance. The standard
deviation for postoperative complications was 6.3%, and the mean recovery time was 15.2 days with an SD of 3.4 days.
The p-value for recovery time prediction was 0.03, indicating statistical significance in predicting postoperative recovery.
Among the patients, 13% experienced complications, and 87% had successful outcomes. The model predicted
complications with 94% accuracy, enhancing clinical decision-making. Conclusion: The developed predictive model
offers reliable insights into postoperative outcomes in MISS, demonstrating its potential for improving surgical planning
and patient management.
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INTRODUCTION precision and outcomes of MISS. Predictive modeling in
Minimally invasive spine surgery (MISS) has the context of MISS aims to forecast surgical outcomes,

emerged as a transformative approach in spine surgery, helping clinicians make informed decisions about the
offering numerous advantages over traditional open Surgical approach, potential risks, and expected patient
surgery. These include reduced tissue damage, minimized =~ recovery trajectories. This research focuses on the
blood loss, shorter recovery times, and reduced hospital development and application of predictive models to
stays. The integration of cutting-edge predictive modeling ~ better understand and predict the surgical outcomes in
techniques, including machine learning algorithms and ~ Patients undergoing minimally invasive spine surgery.
artificial intelligence (AI), has further enhanced the Predictive modeling in the medical domain refers to the
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use of statistical algorithms and machine learning
techniques to predict patient outcomes based on historical
data. In the case of MISS, predictive models are
particularly useful in anticipating postoperative
complications, recovery time, and overall surgical success.
These models often incorporate a wide range of variables,
patient
preoperative imaging data, and intraoperative factors. The
predictive power of these models can be crucial for
improving surgical planning and patient management,

such as demographics, clinical history,

ultimately leading to improved outcomes. The application
of machine learning in MISS has gained traction due to its
ability to handle complex, non-linear relationships within
large datasets. Algorithms such as decision trees, support
vector machines (SVM), and neural networks are used to
develop predictive models that can provide personalized
surgical outcomes. These models can assess the risk of
complications, like infection or nerve injury, based on
preoperative and intraoperative data, thus allowing
surgeons to better tailor the surgery to the individual
patient's needs [1]. Various types of predictive models are
employed in MISS to forecast different aspects of patient
outcomes. One major category involves models that
predict postoperative complications, such as infections,
nerve damage, or persistent pain. These models typically
incorporate data on comorbidities, age, gender, smoking
status, and the patient's general health. Other models
focus on predicting the time to recovery, considering both
physiological and psychological factors, which are vital for
patient management and rehabilitation planning.

Recent advancements have led to the
development of predictive models based on Al
particularly deep learning algorithms. These models have
shown great potential in predicting more nuanced aspects
of surgical outcomes, such as long-term pain relief,
functional improvement, or the likelihood of recurrence.
The application of deep learning models, which can
analyze complex data sets like MRI scans or X-rays, offers
the advantage of providing highly detailed and accurate
predictions, potentially surpassing traditional statistical
methods in their effectiveness. The integration of multiple
types of data is a critical component of predictive
modeling in MISS. This includes preoperative data such as
medical history, imaging, and clinical assessments, as well
as intraoperative data, including surgical technique and
anesthesia parameters. By combining these various data

sources, predictive models can generate a more

comprehensive view of the patient’s overall health and
surgical risks. For instance, the use of preoperative
imaging data, such as MRI or CT scans, has become
integral in assessing the structural integrity of the spine
and surrounding tissues. These images are used not only
to visualize anatomical issues but also to feed machine
learning algorithms that can detect subtle variations or
potential problems that may not be apparent to the human
eye. By feeding these detailed data inputs into a predictive
model, the surgical team can better assess the risk of
complications like nerve damage or postoperative
deformities.

While predictive modeling in MISS shows
promising results, there are several challenges that need to
be addressed. One major issue is the quality and
availability of data. Many predictive models are only as
good as the data they are trained on, and incomplete,
inconsistent, or biased data can lead to inaccurate
predictions. Furthermore, the interpretability of some
complex machine learning models, particularly deep
learning models, remains a concern. Surgeons and
clinicians need to understand how these models arrive at
their predictions in order to trust and apply the results in
clinical practice effectively. Another challenge is the need
for robust validation of these models across diverse
patient populations. While many predictive models are
developed using data from specific clinical settings or
institutions, they may not generalize well to other
hospitals or patient groups. Ensuring that these models
are adaptable to different demographic groups and
diverse healthcare environments is critical for their
widespread adoption and clinical application.

Significance of Predictive Models in Improving Surgical
Outcomes

The importance of predictive modeling in
improving surgical outcomes cannot be overstated. By
leveraging predictive analytics, surgeons can make more
informed  decisions, reduce intraoperative and
postoperative risks, and optimize recovery times. This
personalized approach to care not only improves the
patient experience but also enhances overall surgical
efficiency. Moreover, predictive models can be invaluable
tools for decision support systems. By providing real-time,
data-driven insights, these models can assist surgeons in
intraoperative decision-making, suggesting alternative
strategies when complications arise or when patient-
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specific factors necessitate a change in approach. The
predictive nature of these models can thus improve both
patient outcomes and the efficiency of the healthcare
system as a whole. As the field of predictive modeling
continues to evolve, the potential for integrating more
sophisticated Al-driven models into clinical practice is
vast. The increasing availability of large-scale patient
datasets, coupled with advancements in machine learning
algorithms, suggests that predictive modeling will play an
even more significant role in shaping the future of MISS.
Future research should focus on improving model
accuracy, increasing data diversity, and enhancing the
transparency of Al-based predictions. Moreover, there is a
growing interest in combining predictive models with
other healthcare technologies, such as robotic surgery and
augmented reality. By integrating predictive models into
surgical robots or augmented reality systems, surgeons
could receive real-time guidance and predictions based on
continuous data collection during the procedure, further
optimizing surgical outcomes and minimizing risks.

Aims and Objective

The aim of this study is to develop a predictive
model that accurately forecasts surgical outcomes in
minimally invasive spine surgery (MISS). The objective is
to evaluate the model's ability to predict complications,
recovery times, and overall success rates, thus providing
valuable insights for improving patient management and
clinical decision-making.

MATERIAL AND METHODS
Study Design
This prospective observational study was

conducted at the Department of Neurosurgery, Evercare
Hospital Chattogram, from January 2023 to June 2024. The
study aimed to develop and validate a predictive model
for surgical outcomes in minimally invasive spine surgery
(MISS). A total of 128 patients undergoing MISS were
included. Data collection involved demographic
information, preoperative clinical status, intraoperative
factors, and postoperative outcomes. Statistical analyses
were performed to develop a reliable model using various
machine learning algorithms and traditional statistical
methods.

Inclusion Criteria
Patients who underwent minimally invasive spine

surgery (MISS) between January 2023 and June 2024 at
Evercare Hospital Chattogram were included. Eligible
participants had a confirmed diagnosis requiring surgical
intervention, were between the ages of 18 and 75, and had
complete preoperative, intraoperative, and postoperative
data available for analysis. Only patients who consented
to participate were considered.

Exclusion Criteria

Patients with incomplete medical records, prior
spinal surgeries, or contraindications for minimally
invasive procedures were excluded from the study. Those
with severe comorbidities affecting surgical outcomes
(e.g., active infections, terminal malignancy) or who
refused participation were also excluded. Patients under
18 years old or over 75 years were excluded due to age-
related surgical risk factors.

Data Collection

Data were collected prospectively from patient
medical records and preoperative assessments. Variables
such as age, gender, comorbidities, surgical technique,
health  status, and
complications were recorded. Postoperative outcomes,

preoperative intraoperative
including complications, recovery times, and long-term
success, were documented through follow-up visits and
patient reports. Data collection was done by trained
research personnel to ensure accuracy and completeness.

Data Analysis

The collected data were analyzed using SPSS
version 26.0. Descriptive statistics were employed to
data,
recovery times. Predictive models were developed using

summarize demographic complications, and
machine learning algorithms, including logistic regression
and support vector machines (SVM). Standard statistical
tests, such as p-values and standard deviation (SD), were
used to assess the significance and reliability of the
models. The accuracy, sensitivity, and specificity of the

models were also calculated.

Procedure

The procedure began with the recruitment of
eligible patients based on the inclusion and exclusion
criteria. Upon enrollment, demographic and clinical data
were collected from medical records and preoperative
Surgical outcomes monitored

assessments. were
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throughout the procedure and during postoperative
recovery. Follow-up assessments were scheduled to
collect long-term data on complications and recovery
times. Data were processed and analyzed using SPSS and
machine learning algorithms. The predictive models were
tested for accuracy, sensitivity, and specificity, and results
were interpreted to evaluate the effectiveness of the model
in predicting surgical outcomes. The findings were then
compared with clinical outcomes to determine the model’s
predictive value.

Ethical Considerations
This study adhered to ethical guidelines for
medical research, ensuring patient confidentiality and

informed consent. Participation was voluntary, and

Age Distribution
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35.3% 3L2%

Comorbidities Distribution

80

patients were informed of the purpose and scope of the
study. Data were anonymized to protect participant
privacy. The study complied with institutional and
national ethical standards for clinical research.

RESULTS

In the predictive modeling of surgical outcomes in
minimally invasive spine surgery (MISS). The analysis
includes the demographic characteristics of the study
population, surgical outcomes, complications, recovery
times, and other relevant clinical variables. All statistical
calculations are performed using SPSS version 26.0, and
results are presented with p-values, standard deviations,
and proportions.
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Figure 1: Demographic Characteristics

The demographic characteristics of the study
population. The total sample consisted of 128 patients,
with 58.6% males and 41.4% females. The majority of
patients (35.2%) were aged between 31 and 45 years.

46.9% of surgeries were performed via an anterior
approach. The data is distributed proportionally, showing
the diversity of the patient sample in terms of age, gender,
and surgical approach.

Comorbidities were present in 31.3% of patients, and

Table 1: Surgical Outcomes and Complications

Variable Frequency (n) | Percentage (%) | p-value
Postoperative Infection | 10 7.8% 0.025
Nerve Damage 5 3.9% 0.041
Blood Loss >500mL 4 3.1% 0.022
No Complications 109 85.2% -

Total Patients 128 100% -
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Table 1 shows the surgical outcomes and
complications observed postoperatively. A total of 7.8% of
patients experienced postoperative infection, and 3.9%
suffered nerve damage. Blood loss exceeding 500mL
occurred in 3.1% of cases. Notably, 85.2% of patients had

no postoperative complications. Statistically significant p-
values (p < 0.05) were observed for infection, nerve
damage, and blood loss, indicating the relevance of these
complications in the surgical outcomes.

Table 2: Recovery Time and Duration (in Days)

Variable Frequency (n) | Percentage (%) | p-value
Recovery Time <10 days | 42 32.8% 0.03
Recovery Time 10-20 days | 61 47.7% -
Recovery Time >20 days | 25 19.5% -

Mean Recovery Time 152 +3.4 - -

Total Patients 128 100% -

Table 2 presents the recovery times for the
patients, showing that 32.8% of patients recovered in less
than 10 days, while 47.7% took between 10 and 20 days. A
smaller group (19.5%) required more than 20 days to
recover. The mean recovery time was 15.2 days, with a

standard deviation of 3.4 days. The statistical analysis
revealed a significant p-value of 0.03, indicating that the
recovery time varied meaningfully across different
patients.

Table 3: Risk Factors for Complications

Variable Frequency (n) | Percentage (%) | p-value
Smoking 30 23.4% 0.01
Obesity 20 15.6% 0.04
Diabetes 12 9.4% 0.032
Hypertension | 25 19.5% 0.05

No Risk Factors | 41 32.0% -

Total Patients 128 100% -

Table 3 shows the prevalence of various risk
factors among the study population. Smoking was the
most common risk factor, present in 23.4% of patients.
Obesity, diabetes, and hypertension were identified as

other significant risk factors with p-values below 0.05,
suggesting their strong association with postoperative
complications. Notably, 32% of patients had no significant
risk factors.

Table 4: Predictive Model Performance

Metric Value | p-value
Sensitivity 82.5% | 0.001
Specificity 87.9% | 0.002
Accuracy 85.3% | 0.0001
AUC (Area Under Curve) | 0.91 0.0002
Total Patients 128 -

Table 4 evaluates the performance of the predictive model developed to assess surgical outcomes. The model
achieved an accuracy of 85.3%, with sensitivity and specificity values of 82.5% and 87.9%, respectively. The AUC value
of 0.91 indicates strong performance. Statistically significant p-values (all < 0.05) highlight the model’s reliability in

predicting surgical outcomes.
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Figure 2: Postoperative Long-Term Success (1-Year Follow-Up)

The long-term success of patients at the 1-year
follow-up. A significant 81.3% of patients had fully
successful outcomes, while 14.1% reported somewhat
successful results, and 4.6% experienced unsatisfactory
results. The p-values suggest a statistically significant
difference in long-term outcomes based on the predictive
model.

DISCUSSION

This study found that 58.6% of the participants
were male, with a mean age of 45 years, and 31.3% had
comorbidities such as hypertension and diabetes. This
distribution is consistent with previous studies, where
males often constitute the majority of spine surgery
patients, and the average age is typically in the 40s to 60s
[1]. However, our study's age distribution (32.8% in the 31-
45 years range) appears to differ slightly from studies like
that of Wang et al., where patients in the 46-60 age group
were more predominant [2]. The difference could be
attributed to sample size or variations in population
demographics; for instance, patients in Bangladesh tend to
be younger than those in Western countries due to varying
lifestyle factors and health profiles. The presence of
comorbidities (31.3%) is also a critical finding. In a study
by Lee et al., the rate of comorbidity was 25%, which is
somewhat lower than our finding [3]. This discrepancy
might be due to the higher prevalence of diabetes and
hypertension in South Asian populations, as reported by
Lagisetty et al., indicating a regional health pattern [4].

Surgical Outcomes and Complications

Our results indicate that 7.8% of patients
developed postoperative infections, while 3.9% suffered
from nerve damage. The rate of complications in our study
is comparable to other published studies, such as those by
Garcia-Vidal et al,, who reported a 6.5% incidence of
infections in a cohort of 200 patients undergoing MISS [5].
This slight difference can be attributed to variations in
surgical technique, infection control protocols, and patient
characteristics between different hospitals or countries.
Moreover, the lower incidence of nerve damage in our
study (3.9%) aligns with findings by Smith et al., who
reported a similar incidence of around 3.5% [1]. However,
other studies, such as that of Cottone et al., have reported
higher rates of nerve damage, often linked to more
complex cases involving spinal deformities or revisions,
which were not prominent in our study [6]. The absence of
such cases in our study sample may explain the relatively
lower nerve damage rates. Additionally, a comparison of
infection rates shows that hospitals in higher-income
countries might experience lower complication rates due
to more advanced technology and post-surgical care.

Recovery Time and Duration

The mean recovery time in our study was 15.2
days, with a standard deviation of 3.4 days. This finding is
consistent with several international studies, such as that
of Kim et al. (2019), which reported a mean recovery time
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of approximately 14 days. The slight variation in our
recovery time can be attributed to differences in
postoperative rehabilitation practices. In particular,
hospitals in Bangladesh may follow less intensive
rehabilitation protocols compared to those in countries
like the USA, where faster recovery times are often
achieved due to more personalized and extensive physical
therapy. However, other studies, such as those by Zhao et
al., report longer recovery periods, often exceeding 20
days, particularly for patients with comorbidities or
higher surgical risks [7]. Our study included a relatively
healthy patient population with fewer comorbidities,
which could explain the shorter recovery times in our
cohort. The p-value of 0.03 for recovery time supports the
statistical significance of these findings.

Risk Factors for Complications

In our study, smoking was identified as the most
significant risk factor for complications, with 23.4% of
patients being smokers. This finding aligns with the
results of a study by Zheng et al., where smoking was also
linked to higher rates of postoperative complications,
including infection and delayed healing [8]. The high
prevalence of smoking in our sample can be explained by
cultural factors specific to Bangladesh, where smoking is
relatively common among middle-aged and older male
populations. Obesity and hypertension were also
prevalent risk factors, which is consistent with findings
from several studies, where these factors are frequently
associated with adverse surgical outcomes. Our study's
rate of obesity (15.6%) was somewhat lower than what has
been reported in Western studies, where obesity rates in
spine surgery populations often exceed 25%. This
difference might be due to lower obesity rates in
Bangladesh compared to countries like the USA, where
obesity is a significant public health concern.

Predictive Model Performance

Our predictive model demonstrated an accuracy
of 85.3%, with a sensitivity of 82.5% and specificity of
87.9%. These results are in line with other studies, such as
the one by Zhao et al., which achieved similar accuracy in
predicting postoperative outcomes for MISS using
machine learning algorithms [7]. The statistical
significance of the model, with p-values less than 0.05,
further supports the robustness of our findings. However,
some studies, such as those by Wang et al., report higher

accuracy rates for predictive models, achieving over 90%
accuracy [2]. The discrepancy in accuracy may be due to
differences in data quality, model complexity, or the
inclusion of more variables, such as intraoperative details
and advanced imaging techniques, which were not
included in our study. These factors could have
contributed to the slight variation in the model's
performance.

Long-Term Success and Follow-Up

At the 1-year follow-up, 81.3% of our patients
reported full surgical success, which is consistent with
results reported by Lubelski et al., who found that 80-85%
of patients achieved full success in long-term follow-up
[9]. The 14.1% rate of somewhat successful outcomes in
our study is slightly higher than that reported by others,
where success rates were typically lower. This difference
could be attributed to the fact that our study
which
typically has better outcomes than older, more frail

predominantly involved a younger cohort,
populations. In contrast, the 4.6% unsatisfactory outcomes
observed in our study are comparable to the findings of
Lee et al., who reported similar rates of poor outcomes
The
alignment of our findings with the existing literature
emphasizes the overall success of MISS in the general
and healthier

following minimally invasive procedures [3].

population, particularly
individuals.

in younger

Interpretation of Results

The results of our study demonstrate the
effectiveness of predictive modeling in forecasting
surgical outcomes in MISS. The high accuracy, sensitivity,
and specificity of our predictive model validate its
potential for clinical use, helping surgeons make more
informed decisions. Our findings suggest that machine
learning can significantly contribute to the prediction of
postoperative  complications recovery times,
improving patient outcomes and surgical efficiency. These
results are in line with studies conducted in Western

and

countries, where predictive models are increasingly being
integrated into clinical practice [7]. However, the
differences in recovery time and complication rates
compared to studies from high-income countries may
reflect differences in surgical techniques, healthcare
infrastructure, and patient populations. For instance, the
quality of postoperative care and the availability of
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advanced rehabilitation protocols are often superior in
Western countries, which could explain the shorter
recovery times there [10]. Additionally,
differences in the prevalence of comorbidities and lifestyle
factors between populations may influence complication

observed

rates and recovery times.

Practical Significance of Findings

The practical significance of this study lies in its
potential to guide clinical decision-making in spine
surgery. The predictive model developed in this study
offers valuable insights into postoperative risks, which can
be used to tailor patient management strategies. By
identifying patients at high risk for complications,
clinicians can modify surgical approaches, optimize
postoperative care, and provide targeted rehabilitation.
Moreover, the use of machine learning in predicting
surgical outcomes allows for a more personalized
approach to treatment, improving both patient satisfaction
and clinical efficiency. The implementation of such
predictive models in clinical practice could lead to better
resource allocation, as high-risk patients can be prioritized
for more postoperative
interventions. Additionally, the ability to predict recovery

intensive monitoring or
times with high accuracy allows patients to have a clearer
understanding of their recovery expectations, improving
overall patient satisfaction. This study demonstrates the
feasibility and potential benefits of
predictive modeling into routine clinical practice in spine

incorporating
surgery.

CONCLUSION

This study successfully developed a predictive
model for surgical outcomes in minimally invasive spine
surgery (MISS), demonstrating high accuracy, sensitivity,
and specificity. The model showed significant potential in
predicting postoperative complications and recovery
times, thus aiding clinical decision-making. While the
findings align with existing literature, differences in
sample populations and healthcare settings should be
considered when applying these results globally. Our
study highlights the importance of personalized patient
care and the integration of machine learning into clinical
which
outcomes and optimize surgical planning.

practice, can significantly enhance patient
Recommendations

Implement predictive models in clinical settings to

improve surgical outcomes and reduce complications.
Further research should include diverse populations to
validate the generalizability of the model.

Enhance postoperative rehabilitation protocols based on
predictive findings to improve recovery times.
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