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Minimally Invasive Versus Open Spine
Surgery: A Comparative Analysis of
Perioperative Outcomes

Abstract

Minimally invasive spine surgery (MISS) has gained widespread adoption as an alternative to
traditional open spine surgery (OSS) for the management of degenerative spine disorders. By
limiting soft tissue disruption and preserving normal anatomy, MISS aims to reduce
perioperative morbidity while achieving comparable clinical outcomes. However, concerns
remain regarding operative complexity, learning curves, and long-term effectiveness. This
review comparatively analyzes perioperative outcomes of minimally invasive versus open
spine surgery, focusing on operative time, blood loss, postoperative pain, hospital stay,
complications, and early functional recovery. Current evidence suggests that MISS offers
significant perioperative advantages in selected patients, although careful patient selection
and surgical expertise remain critical for optimal outcomes.
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Introduction

Spine disorders represent one of the most common causes of chronic pain, functional
disability, and healthcare utilization worldwide. Degenerative conditions of the cervical and
lumbar spine, including disc herniation, spinal stenosis, and spondylolisthesis, account for a
substantial proportion of outpatient visits and surgical interventions. As populations age and
the prevalence of sedentary lifestyles and obesity increases, the demand for effective spine
surgery continues to rise, placing considerable clinical and economic pressure on healthcare
systems.

Historically, open spine surgery (OSS) has been the standard operative approach for
managing a wide range of spinal pathologies. Open techniques provide broad anatomical
exposure, allowing for direct visualization of neural structures and reliable instrumentation.
However, these benefits are accompanied by significant drawbacks, including extensive
muscle dissection, increased blood loss, postoperative pain, prolonged hospital stay, and
delayed functional recovery. Additionally, iatrogenic injury to paraspinal musculature during
open approaches has been associated with postoperative muscle atrophy, chronic pain, and
impaired long-term outcomes.

In response to these limitations, minimally invasive spine surgery (MISS) has emerged over

the past two decades as an alternative surgical paradigm aimed at achieving equivalent
decompression and stabilization while minimizing collateral tissue damage. MISS techniques
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utilize smaller incisions, muscle-splitting approaches, tubular retractors, endoscopic
assistance, and percutaneous instrumentation to reduce surgical morbidity. Technological
advancements in imaging, surgical navigation, microscopy, and instrumentation have further
expanded the scope and feasibility of minimally invasive procedures across a broad range of
spinal conditions.

Advocates of MISS report several potential perioperative advantages, including reduced
intraoperative blood loss, lower postoperative pain scores, decreased reliance on opioid
analgesia, shorter hospital stays, and faster return to daily activities. These benefits are
particularly relevant in elderly patients and those with multiple medical comorbidities, for
whom surgical morbidity must be minimized. Moreover, in an era of value-based healthcare,
the potential for MISS to reduce overall treatment costs through decreased length of stay and
faster rehabilitation has generated significant interest.

Despite its growing adoption, MISS remains the subject of ongoing debate. Critics highlight
concerns regarding longer operative times during the learning curve, increased radiation
exposure, higher equipment costs, and the risk of inadequate decompression or
instrumentation errors in less experienced hands. Furthermore, while early postoperative
outcomes appear favorable, questions remain regarding the equivalence of long-term
functional results and durability when compared with conventional open approaches. These
uncertainties underscore the importance of critically evaluating the evidence supporting
MISS relative to OSS.

Comparative analysis of perioperative outcomes provides a meaningful framework for
assessing the relative merits of MISS and OSS. Parameters such as operative time, blood loss,
postoperative pain, complication rates, length of hospital stay, and early functional recovery
offer objective measures of surgical impact and patient benefit. Understanding these
differences is essential for guiding surgical decision-making, optimizing patient selection,
and informing discussions between surgeons and patients.

The purpose of this article is to provide a comprehensive comparative analysis of
perioperative outcomes between minimally invasive and open spine surgery based on current
evidence. By synthesizing available data, this review aims to clarify the advantages and
limitations of each approach and to support evidence-based, patient-centered surgical
strategies in modern spine care.

Methodology

Study Design

This study was designed as a comprehensive narrative comparative review of
contemporary literature evaluating perioperative outcomes following minimally invasive
spine surgery (MISS) and open spine surgery (OSS). The review aimed to systematically
synthesize current evidence comparing these two surgical approaches across key
perioperative parameters, including operative time, intraoperative blood loss, postoperative
pain, length of hospital stay, complication rates, and early functional recovery.
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Literature Search Strategy

A systematic literature search was conducted across multiple electronic databases, including
PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar, to identify relevant
studies published between January 2010 and December 2025. This time frame was selected
to capture modern surgical techniques, advancements in instrumentation, and evolving
perioperative care protocols.

The search strategy utilized combinations of the following keywords and Medical Subject
Headings (MeSH):

e Minimally invasive spine surgery

e Open spine surgery

o Perioperative outcomes

e Lumbar decompression

e Spinal fusion

o Transforaminal lumbar interbody fusion (TLIF)
o Degenerative spine disorders

e Comparative study

Boolean operators (“AND,” “OR”’) were applied to refine the search and enhance retrieval of
relevant articles. Reference lists of included studies and previously published systematic
reviews were manually screened to identify additional relevant publications.

Eligibility Criteria
Inclusion Criteria
Studies were considered eligible if they met the following criteria:

1. Comparative studies evaluating MISS versus OSS.
Randomized controlled trials (RCTs), prospective cohort studies, retrospective cohort
studies, systematic reviews, and meta-analyses.

3. Studies involving adult patients (>18 years) undergoing surgery for degenerative
cervical or lumbar spine disorders.

4. Studies reporting at least one perioperative outcome parameter, including:

o Operative time

Intraoperative blood loss

Postoperative pain scores

Length of hospital stay

Complication rates

Early postoperative functional recovery

O O O O O

Exclusion Criteria

Studies were excluded if they met any of the following criteria:
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1. Case reports, case series with fewer than 20 patients, editorials, technical notes, and
conference abstracts.

2. Studies focusing primarily on spinal trauma, tumors, infections, deformity

surgery, or pediatric populations.

Non-English language publications.

4. Studies lacking comparative perioperative outcome data.

(98]

Study Selection Process

All retrieved citations were independently screened by two reviewers based on title and
abstract to assess initial eligibility. Full-text versions of potentially relevant articles were
subsequently reviewed to confirm inclusion.

Discrepancies in study selection were resolved through discussion and consensus. When
disagreement persisted, a third reviewer was consulted to reach final determination. This
approach ensured methodological rigor and minimized selection bias.

Data Extraction

Data were systematically extracted using a standardized data collection form. Extracted
variables included:

e Study characteristics (authors, year of publication, study design, sample size)
o Patient demographics (age, sex, diagnosis, comorbidities)

o Surgical details (procedure type, spinal level, surgical approach)

o Perioperative outcomes:

Operative duration

Estimated blood loss

Postoperative pain scores (VAS/NRS)

Length of hospital stay

Intraoperative and postoperative complications

Time to mobilization and return to function

O O O O O ©O

To ensure accuracy, extracted data were cross-checked by an independent reviewer.

Quality Assessment and Risk of Bias Evaluation

The methodological quality of included studies was evaluated using standardized tools
appropriate to study design:

e Cochrane Risk of Bias Tool for randomized controlled trials
e Newcastle—Ottawa Scale (NOS) for observational cohort studies
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Quality parameters included selection bias, comparability of study groups, outcome
assessment, and completeness of follow-up. Studies were categorized as high, moderate, or
low quality based on scoring criteria.

Data Synthesis and Analysis

Due to heterogeneity in study designs, surgical techniques, patient populations, and outcome
reporting, quantitative meta-analysis was not performed. Instead, a qualitative narrative
synthesis was conducted.

Perioperative outcomes were systematically compared between MISS and OSS, emphasizing
trends, consistency of findings, and clinically meaningful differences. Special consideration
was given to:

e Subgroup variations based on procedure type (decompression vs fusion)
o Impact of surgeon experience and learning curve

o Influence of patient age and comorbidity burden

Findings were interpreted in the context of contemporary surgical practice, technological
advances, and evolving perioperative care models.

Ethical Considerations
As this study was based solely on published literature, formal institutional ethics committee

approval was not required. However, all efforts were made to ensure accurate citation, ethical
synthesis of data, and transparency in reporting.

Methodological Strengths

o Comprehensive database coverage

e Structured screening and selection process

o Standardized data extraction

e Critical quality assessment

o Emphasis on clinically relevant perioperative outcomes

Discussion

1. Surgical Exposure and Tissue Preservation
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Open spine surgery requires extensive midline exposure and muscle stripping, leading to
paraspinal muscle ischemia, denervation, and postoperative pain. In contrast, MISS utilizes
tubular retractors or percutaneous approaches that preserve muscle attachments and reduce
soft tissue trauma. This fundamental difference underpins many of the perioperative
advantages observed with MISS.
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2. Operative Time

Early studies reported longer operative times for MISS due to unfamiliar instrumentation and
learning curves. However, contemporary evidence suggests that operative time becomes
comparable—or even shorter—once surgical proficiency is achieved. Open surgery may still
offer time efficiency in complex multilevel procedures, particularly in centers with limited
MISS infrastructure.

3. Intraoperative Blood Loss
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Minimally Invasive Lumbar Fusion

a) (b) (c)

One of the most consistently reported advantages of MISS is reduced intraoperative blood
loss. Limited muscle dissection, smaller incisions, and improved hemostatic control
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significantly decrease transfusion requirements, which is particularly beneficial in elderly and
comorbid patients.

4. Postoperative Pain and Analgesic Requirement

MISS is associated with lower postoperative pain scores and reduced opioid consumption
compared to OSS. Muscle preservation and reduced inflammatory response contribute to
improved early postoperative comfort and facilitate faster mobilization.

5. Length of Hospital Stay and Early Recovery
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Multiple studies demonstrate shorter hospital stays with MISS, often allowing discharge
within 2472 hours for single-level procedures. Faster ambulation and earlier return to daily
activities are key advantages, contributing to improved patient satisfaction and reduced
healthcare costs.
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6. Complication Rates

Overall complication rates between MISS and OSS are comparable, though the nature of
complications differs. MISS may carry a higher risk of technical complications during the
learning phase, such as malpositioned screws or inadequate decompression. OSS is more
commonly associated with wound complications, infections, and postoperative muscle
weakness.

7. Functional Outcomes

Early functional recovery favors MISS, particularly in terms of pain relief and mobility.
Long-term functional outcomes, however, appear similar between MISS and OSS, suggesting
that perioperative benefits do not compromise ultimate surgical effectiveness.

Table 1. Comparison of Perioperative Outcomes Between
MISS and OSS

Parameter MISS OSS
Surgical exposure  Limited, muscle-sparing Wide, muscle dissection
Blood loss Low Moderate to high
Postoperative pain  Reduced Higher
Hospital stay Shorter Longer
Early mobilization Faster Slower
Long-term outcomes Comparable Comparable

Table 2. Advantages and Limitations of MISS and OSS

Approach Advantages Limitations

MISS Less pain, quicker recovery, lower blood loss Learning curve, equipment cost
OSS Familiar anatomy, versatility Higher morbidity, longer recovery
Conclusion

Minimally invasive spine surgery offers clear perioperative advantages over open spine

surgery, including reduced blood loss, lower postoperative pain, shorter hospital stay, and
faster early recovery. These benefits make MISS particularly attractive for elderly patients
and those with medical comorbidities. However, OSS remains indispensable for complex,
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multilevel, and revision procedures. Ultimately, the choice between MISS and OSS should be
individualized, based on pathology, patient factors, surgeon expertise, and available
resources. Future research should focus on long-term outcomes, cost-effectiveness, and
standardized training pathways to optimize the safe adoption of minimally invasive spine
techniques.
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