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Abstract: Background: The aim of this study is to compare the surgical outcomes of two different
surgical approaches, open transforaminal lumbar interbody fusion (TLIF) and Wiltse TLIF, in the
treatment of single-level lumbar spondylolisthesis and also to provide the advantages and disadvan-
tages of each approach. Methods: This retrospective study included 600 patients with single-level
lumbar spondylolisthesis who underwent fusion surgery at a single academic institution between
January 2018 and December 2022. Patients were divided into two groups: traditional open TLIF
(group A; 300 patients) and the Wiltse TLIF approach (group B; 300 patients). Preoperative diagnostic
tests were performed on all patients. Results: The fluoroscopy time for the Wiltse TLIF group was
longer, whereas the mean blood loss for the Wiltse TLIF approach was less. Both techniques resulted
in significant improvements in pain relief and functional disability, with no significant difference
between the two groups in terms of their pre- or post-operative (Oswestry Disability Index) ODI
scores. The Wiltse TLIF technique resulted in significantly shorter hospital stays and had a lower rate
of complications compared with the open TLIF technique. Conclusion: The Wiltse TLIF approach
showed advantages in shorter surgical times, reduced blood loss, and shorter hospital stays, whereas
the traditional open TLIF approach exhibited shorter fluoroscopy times.

Keywords: TLIF; transforaminal lumbar interbody fusion; Wiltse TLIF; spondylolisthesis; spine;
minimally invasive; retrospective

1. Introduction

Spondylolisthesis (spondylos = vertebrae; listhesis = slippage) is defined as the for-
ward slippage of one vertebra on another [1]. Of the five subtypes, degenerative and isthmic
spondylolisthesis are the most common in adults [2]. Both can lead to compression and
instability, which result in radicular and lower back pain [3]. Surgical fusion has emerged
as a critical intervention in managing lumbar spondylolisthesis, aiming to stabilize the
affected area and alleviate chronic pain. This surgical procedure involves the fusion of
two or more vertebrae, often with the use of bone grafts and instrumentation, to promote
spinal stability and reduce the discomfort experienced by patients. By restoring proper
alignment and limiting the motion of the affected vertebrae, surgical fusion contributes
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to enhanced spinal function and improved quality of life for individuals grappling with
lumbar spondylolisthesis. It is a vital treatment option that can offer relief and long-term
benefits to those affected by this condition [4].

The transforaminal lumbar interbody fusion (TLIF) technique was first reported by
Harms and Rolinger [5] in 1982. Thereafter, this technique has been increasingly used in a
variety of lumbar diseases, including degenerative lumbar disc diseases, spondylolisthesis,
degenerative scoliosis, and spinal instability [6]. Although TLIF is an effective procedure,
extensive stripping of the paravertebral muscles and prolonged retraction are required for
adequate exposure of the surgical field [7]. Iatrogenic muscle damage can lead to atrophy
of the paraspinal muscles and chronic postoperative lower back pain [8,9].

Minimizing soft tissue and muscle damage is one of the main benefits of minimally
invasive surgery (MIS) TLIF compared with traditional open TLIF surgery [10,11]. The use
of retractors and the pressure they exert on the paraspinal muscles can cause muscle injury
and negatively affect trunk muscle strength [12,13]. In addition to the physiological benefits,
MIS TLIF has been shown to result in less intraoperative blood loss, lower postoperative
pain, and faster recovery times compared with open TLIF [12,13]. The advent of advanced
visualization tools, such as the microscope and exoscope, has been revolutionary in the
field of spinal surgery, especially for procedures like TLIF [14–16]. Beyond visualization,
its ergonomic design, which allows surgeons to view a screen rather than peer through
eyepieces, mitigates physical strain, enabling longer periods of focused surgery. Moreover,
its ability to broadcast a live view to a monitor means that the entire surgical team can
share the same high-resolution perspective, fostering collaborative surgery and enhanced
teaching scenarios [17]. The question of what constitutes a MIS TLIF in terms of the extent of
surgical exposure has been a topic of considerable discussion within the medical community
for the past decade. Since the inception of the MIS TLIF technique, surgeons and medical
researchers have sought to outline the specific parameters that would differentiate it from
its more traditional counterpart.

The aim of this study is to compare the outcomes of the open traditional TLIF and
Wiltse TLIF techniques in the treatment of single-level lumbar spondylolisthesis, utilizing
a retrospective analysis of 600 patients. This study aims to assess the efficacy, safety, and
post-operative clinical outcomes of both techniques, with particular emphasis on muscle
and soft tissue preservation, operative blood loss, postoperative pain, recovery times, and
reoperation rates.

2. Materials and Methods

This was a retrospective observational cohort study conducted at the Central Clinical
Hospital of the Russian Academy of Sciences in Moscow, Russia. The inclusion criteria were
as follows: (1) patients who were diagnosed with single-level lumbar spondylolisthesis,
presenting with symptoms of unilateral or bilateral sciatica and lumbosacral pain, typical
in degenerative lumbar spine disease; (2) symptoms have not been relieved after 3 months
or more of conservative treatment; (3) patients that require single-segment fusion surgery;
and (4) age between 18 and 80 years. The exclusion criteria were as follows: (1) lumbosacral
pain and lumbar degeneration caused by other reasons (tumors and infections); (2) patients
that require fusion surgery of more than 2 segments; (3) Meyerding degree III and IV
lumbar spondylolisthesis; (4) a history of previous lumbar spine surgery; and (5) trauma,
active infection, and malignancy. We enrolled a total of 600 patients who were treated
at the Central Clinical Hospital of the Russian Academy of Sciences (Moscow, Russia)
between January 2018 and December 2022. According to different surgical treatments, they
were divided into a traditional open TLIF group (group A; 300 patients) and a Wiltse TLIF
approach group (group B; 300 patients). Before surgery, all patients provided consent to
participate in this study and performed preoperative lumbar spine X-rays, CT or/and MRI
scans, and lumbosacral dynamic position X-rays. There were no significant differences
between the two groups in age and sex. This study was conducted in accordance with the
Declaration of Helsinki and approved by the Local Ethics Committee (Feb 20/23).
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2.1. Conservative Treatment Prior to Surgery

Before considering surgical intervention, patients enrolled in this study underwent
a minimum of three months of conservative treatment. This period was essential to
evaluate the effectiveness of non-surgical management in alleviating symptoms of lumbar
spondylolisthesis. The conservative treatment approaches included physical therapy, pain
management, activity modification, bracing, weight management, chiropractic care, and
epidural steroid injections.

Regarding physical therapy, patients were provided with customized exercise pro-
grams focusing on strengthening abdominal and back muscles, improving flexibility, and
enhancing spinal stability. These exercises were designed to improve core strength and
reduce stress on the lumbar spine. Both over-the-counter and prescription pain relievers
were utilized to manage pain and inflammation. The choice of medication was tailored
based on individual patient needs and pain severity.

Patients were counseled to avoid activities that could exacerbate their symptoms.
Guidance was given toward engaging in lower-impact exercises and lifestyle modifications
to reduce strain on the lumbar spine. Some patients were recommended to use back braces
to provide support, restrict movement, and consequently reduce pain and discomfort.
Patients with excess body weight were advised on weight loss strategies to decrease stress
on the lower back (weight management), which can be a contributing factor to symptom
severity, whereas a subset of patients opted for chiropractic adjustments or manipulations,
seeking relief from pain and discomfort associated with lumbar spondylolisthesis. For
patients with significant inflammation and pain, epidural steroid injections were admin-
istered. These injections aimed to reduce inflammation in the epidural space, providing
temporary pain relief.

It is important to note that the decision to proceed with surgical options such as
TLIF was considered only after the persistence or worsening of symptoms despite these
conservative measures. The decision was based on the severity of symptoms, the degree of
spinal instability, and the overall health and preferences of the patient. This integration
provides a clear and comprehensive overview of the conservative treatments undertaken
prior to surgical intervention, which is crucial for understanding the patient journey and
the rationale behind opting for surgery.

2.2. Indications for Selection of Open TLIF vs. Wiltse TLIF Approach

This study is retrospective. The decision to use either the open TLIF or the Wiltse TLIF
approach for treating single-level lumbar spondylolisthesis was based on a comprehensive
assessment of various factors, and among these factors were patient-specific anatomy, the
extent of pathology, patients’ general health, surgeons’ expertise, and preference.

Regarding patient-specific anatomy, open TLIF was preferred for those patients with
complex spinal anatomies or higher-grade spondylolisthesis, requiring broader spinal
access, whereas the Wiltse TLIF approach was used in cases with less severe anatomical
deformities, allowing less invasive access. Similarly, open TLIF was recommended for
patients needing extensive decompression due to severe spinal stenosis or large disc herni-
ations, whereas Wiltse TLIF was chosen for patients with milder spinal canal narrowing
that needed minimal decompression. Finally, the surgeon’s experience and comfort with
each technique influenced the decision, prioritizing the best outcome for the patient.

These individualized indications ensured that the surgical approach for each patient
was tailored to optimize clinical outcomes and meet specific patient needs. This metic-
ulous selection process was aimed at providing the most effective treatment for lumbar
spondylolisthesis while minimizing potential risks and complications.

2.3. Surgical Technique in Open TLIF

Following the central longitudinal incision in the lumbar region corresponding to the
level identified on lateral and anteroposterior view radiographs, the initial step involves a
meticulous subperiosteal dissection. This procedure is undertaken to minimize muscular
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damage, thereby enhancing the clarity of exposure to the vertebral structures. Once the
anatomy is adequately exposed and confirmed using intraoperative X-rays, the next stage
involves the insertion of pedicle screws (as depicted in Figure 1). These pedicle screws are
placed with the utmost care to ensure optimal stability. Following the secure placement
of the pedicle screws, rods are contoured and interconnected across these screws. This
step provides immediate spinal stability, which is crucial for the success of the procedure.
Subsequently, to alleviate neural pressure and create space for the fusion process, a portion
of the lamina is carefully removed via a laminectomy. On the symptomatic side, additional
decompression is achieved through the removal of the facet joint, a procedure known
as facetectomy.
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Figure 1. (A) Midline incision for open TLIF technique. (B) Intraoperative X-ray lateral view shows
the placement of pedicle screws and a cage at L4–L5 level with open TLIF technique.

The surgical process continues with a meticulous discectomy, where the damaged
or problematic disc is carefully removed. To restore the integrity of the spinal column
and promote fusion, a specially designed TLIF cage is inserted into the now vacant disc
space. This cage is typically filled with local autologous bone grafts, which aid in the
fusion process. This step is critical for ensuring long-term stability and the resolution of
symptoms, as the fusion of adjacent vertebrae is essential for the overall success of the
TLIF procedure. The combination of precise surgical techniques, careful instrumentation,
and the incorporation of bone grafts sets the stage for a successful open TLIF procedure,
ultimately providing relief to patients suffering from spinal issues.

2.4. Bilateral Wiltse TLIF Approach

The Wiltse TLIF approach utilizes a paramedian incision positioned 2 to 3 cm lateral
to the spinal midline, strategically avoiding the dense central lumbar musculature. This
incision, typically spanning 2 to 2.5 cm longitudinally, creates a surgical corridor between
the multifidus and longissimus muscles, which allows for better access to the target area.
Following the incision, the interbody preparation is a critical step in the procedure. There
are two primary methodologies for interbody preparation in the Wiltse TLIF approach. The
first method involves the use of “Serial Dilators & Tubular Retractors”. In this technique,
progressively sized dilators are inserted sequentially to expand the surgical pathway,
creating the necessary space for the procedure (as shown in Figure 2). The second method
is the “Pedicle Screw-Based Retractor Method”. This method integrates pedicle screws as
anchoring points, around which a retractor is securely fastened. This approach ensures
both stability and accessibility during the procedure. With the chosen retraction system in
place, an ipsilateral complete facetectomy is performed, further enhancing access to the
target area.
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Figure 2. (A) In the Wiltse TLIF technique, the two vertical incisions are observed at 2.5 cm from the
midline as well as the placement of the tubular retractor. (B) Intraoperative X-ray shows the tubular
retractor placed in the decompression area, the needle to mark the level, and the percutaneously
placed screws.

The Wiltse TLIF approach is valued for its ability to minimize disruption of the central
lumbar musculature while providing effective access to the spine for interbody fusion
procedures. This technique combines precise incision placement, innovative retraction
methods, and meticulous surgical steps to optimize outcomes for patients with lumbar
spinal conditions.

2.5. Data Presentation

Quantitative data are primarily presented as mean values accompanied by standard
deviation (SD). This format provides a clear representation of the central tendency and the
dispersion of the data.

2.6. Comparison of Group Means

To determine if there was a statistically significant difference between the means of the
two independent groups (open TLIF and Wiltse TLIF), an independent samples t-test was
likely employed. The t-test was used to compare the means of the two unrelated groups.
The assumptions for this test include the independence of observations, the normality of
the data within each group, and the homogeneity of variances between the groups. If the
variances are not equal, a variation of the t-test known as Welch’s t-test can be applied.

2.7. Statistical Analysis and Significance Level

SPSS 22.0 software (SPSS Inc., Chicago, IL, USA) was used to perform statistical
analysis. Quantitative data were expressed as means ± standard deviation (SD). A p-value
of less than 0.05 is considered statistically significant in many scientific disciplines. This
threshold suggests that there is less than a 5% probability that the observed difference
occurred by random chance alone.

3. Results

The mean age of patients who underwent the open TLIF technique was 56.1 years,
whereas for the Wiltse technique, it was 50.3 years. The M/F ratio was 1.14 and 1.07 in the
open TLIF technique group and in the Wiltse technique group, respectively. Table 1 shows
all the details. No statistically significant differences were observed in sex (p-value = 0.23)
and age (p-value = 0.78) between the two groups.
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Table 1. Demographic data and intraoperative outcomes.

Open TLIF
Technique

Wiltse TLIF
Technique p-Value

Number of patients 300 300 -
Age (years, mean ± SD) 56.1 ± 7.9 50.3 ± 8.6 0.23

Sex (M/F) 160/140 155/145 0.78
Time of surgery (min) 136.2 ± 24.3 117.8 ± 19.6 <0.01

Time of fluoroscopy (s) 18. ± 3 24.6 ± 6.4 <0.05
Blood loss (mL) 467.8 ± 104.9 226.4 ± 56.5 <0.01

The mean time of surgery for the Wiltse TLIF group (117.8 ± 19.6 min) was remarkably
shorter than the mean time of surgery for the open TLIF group (136.2 ± 24.3 min). This
suggests that the Wiltse TLIF technique may result in a faster surgical procedure compared
with the open TLIF technique. On the other hand, the median time of fluoroscopy for the
Wiltse TLIF group (24.6 ± 6.4 s) was significantly longer than the median time of fluoroscopy
for the open TLIF group (18 ± 3 s) due to the need to perform more intraoperative X-rays.
The mean blood loss for the Wiltse TLIF group (226.4 ± 56.5 mL) was appreciably less than
the mean blood loss for the open TLIF group (467.8 ± 104.9 mL). This suggests that the
Wiltse TLIF technique may result in less blood loss during the surgical procedure compared
with the open TLIF technique (Table 1).

Table 2 shows that both surgical techniques (open TLIF and Wiltse TLIF) resulted in sig-
nificant improvements in pain relief, with a decrease in visual analogue scale (VAS) scores
from pre- to post-operative times. However, the Wiltse TLIF group had a slightly higher
pre-operative VAS score (7.4 ± 1.2) in comparison with the open TLIF group (7.2 ± 1.1),
although the difference was not statistically significant. The post-operative VAS scores were
similar between the two groups (2.1 ± 1.4 for Wiltse TLIF and 2.0 ± 1.2 for open TLIF). Both
surgical techniques resulted in significant improvements in functional disability, with a
decrease in Oswestry Disability Index (ODI) scores from pre- to post-operative times. There
was no statistically significant difference between the two groups in terms of their pre- or
post-operative ODI scores. Both surgical techniques (open TLIF and Wiltse TLIF) resulted
in significant improvements in pain relief and functional disability in patients. There were
no statistically significant differences between the two groups in terms of their pre- or
post-operative ODI scores and only slight differences in their pre-operative VAS scores.

Table 2. Surgical outcomes of both techniques.

Outcome Measure Open TLIF
Technique

Wiltse TLIF
Technique

VAS pre-op 7.2 ± 1.1 7.4 ± 1.2
VAS post-op 2.0 ± 1.2 2.1 ± 1.4

p-value <0.05 <0.05

ODI pre-op 61.7 ± 9.5 60.3 ± 8.9
ODI post-op 23.9 ± 5.9 25.1 ± 6.2

p-value <0.05 <0.05

The Wiltse TLIF technique showed significantly fewer days of hospitalization (3.2 ± 0.9 days)
compared with the open TLIF technique, which had longer hospital stays (4.6 ± 1.2 days).
This suggests that patients who undergo Wiltse TLIF may recover faster and require less
hospital care than those who undergo open TLIF.

In terms of complication rates, the Wiltse TLIF technique had a lower rate of complica-
tions at 2.3%, while open TLIF had a higher rate of complications at 4.3%. The number and
percentage of patients experiencing each type of complication for both the open TLIF and
Wiltse TLIF techniques, along with the calculated p-value for each complication type, are
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presented in Table 3. The p-values indicate the statistical significance of the differences in
complication rates between the two techniques. Table 3 shows all the details.

Table 3. Surgical complications.

Complications Open TLIF Technique
(Patient n◦ (%))

Wiltse TLIF Technique
(Patient n◦ (%)) p-Value

Infection 3 (1) 1 (0.3) 0.616
Nerve damage 2 (0.7) 2 (0.7) 1.000

Dural tear 3 (1) 3 (1) 1.000
Implant malposition or failure 1 (0.3) - 1.000

Persistent pain 1 (0.3) - 1.000
Wound dehiscence 3 (1) - 0.247

Overall complications 13 (4.3) 7 (2.3) 0.255

4. Discussion

The term “minimally invasive” includes much more than just the length of a surgical
incision. At its core, it signifies a holistic approach that aims for optimal therapeutic
outcomes while minimizing collateral damage to the patient’s body. Shorter incisions
are, of course, a characteristic feature, but the true essence lies in the preservation of
soft tissue integrity and reducing the overall traumatic impact of the procedure on the
body [16–20]. The Wiltse approach shows this philosophy, offering a method that markedly
diminishes muscle trauma. By targeting the natural cleavage plane between the multifidus
and longissimus muscles, the Wiltse approach bypasses substantial muscular dissection
that is often necessary for other techniques. This not only ensures fewer postoperative
complications like muscle atrophy or chronic pain but also translates into faster recovery
times and less post-surgical discomfort for the patient.

The present study compared the clinical outcomes of two surgical techniques for the
treatment of lumbar spine pathologies, the open TLIF and Wiltse TLIF approaches. The
results of this study confirm that the two techniques are equally effective in terms of clinical
outcomes, including improvement in ODI values, VAS scores, and fusion rates. However,
the Wiltse TLIF technique was found to be associated with a shorter time of surgery and
less blood loss, while requiring more time for intraoperative imaging [21–23].

Our findings agree with previous studies that have compared the Wiltse TLIF tech-
nique with the traditional open TLIF technique, which have reported similar clinical
outcomes between the two techniques. However, the present study has the particularity
that it directly compared the two techniques in a single institution, using a relatively large
sample size of 600 patients. This study has important clinical implications, as we suggest
that the Wiltse TLIF technique may be a more favorable option for patients due to its shorter
surgical time and lower blood loss. However, the longer fluoroscopy time required for the
Wiltse TLIF technique should also be considered.

While our study did not present cases necessitating pedicle screw alterations, the
presence of infection remained a point of concern, particularly within the realm of spinal
surgery. Infections are a crucial consideration in spinal surgery, as underscored by various
studies. For instance, Pull Ter Gunne and Cohen [24] articulated the impactful consequences
of infections post-spinal surgery, emphasizing their frequency and the ensuing challenges in
management and treatment. Additionally, Schoenfeld et al. [25] delved into the substantial
morbidity engendered by postoperative spinal infections, emphasizing the critical need for
comprehensive preventive strategies, and expedited diagnostic processes to mitigate the
associated risks and complications.

Parker et al. [26] conducted a systematic review and discovered that MIS TLIF cases
had a significantly lower rate of surgical site infections compared with open TLIF cases
(0.6% vs. 4.0%; p < 0.001). A recent meta-analysis by Phan et al. also found that MIS TLIF
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cases have significantly lower infection rates (1.2% vs. 4.6%; p < 0.001), thus providing
further evidence.

In our study, dural tears were evidenced in both the open TLIF and Wiltse TLIF tech-
niques, each having three instances. Our findings resonate with a larger study conducted
by Williams et al. [27], which scrutinized 108.478 surgical cases submitted from 2004 to
2007. The comprehensive study showed that unintended durotomy occurred in 1.6% of all
cases analyzed, offering a wider context to our findings, and underlining the prevalence of
such complications even among experienced surgeons. The study found that the incidence
of unintended durotomy varied with the preoperative diagnosis, being higher in patients
treated for spondylolisthesis and lower among those treated for scoliosis. The treatment
of dural tears primarily involves immediate and meticulous repair to prevent subsequent
complications, such as cerebrospinal fluid leakage and potential neurological damage.
Primary repair is usually attempted first, employing microsurgical techniques to suture the
tear directly or to apply a patch, possibly supplemented with fibrin glue.

Implant malposition or failure can lead to severe consequences and may necessitate
revision surgeries. Persistent pain post-surgery can significantly impact the quality of life of
patients and may sometimes remain unresolved. Studies conducted by Nandyala et al. [28]
and Patel et al. [29] explored the implications of implant malposition and persistent pain,
substantiating our findings and emphasizing the need for meticulous surgical techniques
and postoperative management to mitigate these complications.

Wound dehiscence was noted as a complication only in the open TLIF technique,
occurring in three instances, while there were no recorded instances in the Wiltse TLIF
technique group in our study. This difference may indicate that the Wiltse TLIF technique
has a superior methodology in terms of wound healing or may suggest differences in
procedural wound closure practices between the two techniques. Wound dehiscence is a
severe complication that can lead to infection and requires immediate medical intervention,
as denoted by Kanna et al. [30]. The findings of our study are consistent with those
of Sclafani et al. [31], emphasizing the need for meticulous attention to wound closure,
comorbidity of patients, and postoperative care to prevent dehiscence, particularly in open
TLIF procedures.

The extensive fluoroscopic time associated with MIS TLIF procedures underscores the
inherent complexities of this minimally invasive method. Fluoroscopy plays a crucial role
in ensuring the accurate positioning of tubular retractors, cages, and pedicle screws during
the MIS TLIF procedure [32–35]. A systematic review revealed that the fluoroscopy time
for MIS groups ranged from 49 to 297 s, compared with 24 to 123 s for open groups [36]. It
is important to consider that while MIS TLIF offers advantages, like reduced trauma and
quicker recovery, it also presents challenges. One significant challenge is the learning curve
associated with mastering this procedure. As with any surgical technique, proficiency
comes with experience. Early in a surgeon’s exposure to MIS TLIF, operative times may be
longer, and there might be a higher reliance on fluoroscopy, leading to prolonged exposure
times. Both factors could potentially elevate the risk of complications and the need for
revisions [37–42].

It is crucial to understand the significance of the learning curve, especially in the con-
text of open TLIF and Wiltse TLIF, as these procedures are intricate, demanding extensive
knowledge and technical proficiency. Open TLIF is renowned for its extensive nature and
is associated with a strenuous learning curve due to the elaborate anatomical exposure
and manipulation it involves [43]. The procedure, necessitating a profound understanding
of anatomy, meticulous soft tissue dissection, and careful management of nerve roots,
requires extensive training and experience. This is crucial for spinal surgeons to minimize
postoperative complications and to secure optimal patient outcomes. Due to the open
nature of this procedure, acquiring adept technical skills and refined decision-making
abilities is paramount, which includes the accurate assessment of spinal instability and
alignment [44–46].
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Conversely, the learning curve of Wiltse TLIF is demarcated by the mastery of the
muscle-splitting approach and the nuances associated with it [44]. The Wiltse approach,
which is praised for its minimization of muscular damage and postoperative pain, neces-
sitates precision and a nuanced understanding of the paraspinal musculature and fascial
planes. Achieving the desired clinical outcomes and diminishing the potential for iatro-
genic injury requires focused training and experiential learning to grasp the specificities of
the Wiltse approach. The early phases of learning Wiltse TLIF may witness longer oper-
ative times and an increased reliance on fluoroscopy. However, with accrued experience
and progression along the learning curve, a decline in these factors and advancements
in surgical proficiency are observable [47]. Assessing the learning curve in minimally
invasive spine surgery is complex and challenging. Therefore, various factors such as
operating times, conversion to open procedures, visual analog scale scores, and periods
of hospital stay are used to measure it. It has been observed that all complications that
arise during the procedure have been documented previously and are significantly reduced
after the 30th consecutive case. As surgical experience increases, peri-operative parameters
such as operative time and length of hospital stay improve. However, the downsides of
minimally invasive spinal surgery are that surgeons have to start unfamiliar procedures
without tactile sensation, work in a narrow restricted surgical field, and use endoscopes via
two-dimensional imaging [47].

Mitigating the challenges presented by the learning curves in both open and Wiltse
TLIF can be facilitated by the implementation of comprehensive educational programs,
surgical simulations, telemedicine, and dedicated mentorships [47,48]. Such methodologies
are instrumental in facilitating the attainment of the technical proficiencies and cognitive
skills imperative for these procedures. They play a crucial role in optimizing learning
curves, thereby contributing to improved surgical outcomes and enhanced patient care [47].

Furthermore, the selection of the surgical approach often depends on the patient’s
specific condition. Surgeons might opt for open procedures when confronted with com-
plexities like abnormal spinal anatomy, pseudarthrosis (failed spinal fusion), the need for
revision surgery due to previous unsuccessful interventions, the presence of tumors, infec-
tions, or instances where radiographic imaging does not offer clear visualization. In such
cases, the known and familiar territory of open surgeries may provide a safer and more
controlled environment for the surgeon. This decision making underscores the importance
of individualized patient assessment, ensuring the chosen approach best suits the patient’s
unique anatomical and clinical scenario [49].

Limitations of This Study

The main limitation of our study is that it is a retrospective single academic institution,
which may limit the generalizability of the findings to other settings or populations. Secon-
darily, we used strict inclusion and exclusion criteria, which may have led to the exclusion
of patients with similar characteristics, potentially biasing the results. The third limitation
is the relatively short follow-up period (only a few years), which may not be sufficient to
point out long-term outcomes such as complications, reoperations, or quality of life.

5. Conclusions

This study confirms that the Wiltse TLIF technique may offer advantages over the
open TLIF technique in terms of shorter surgical times and less blood loss, but it may
require more time for intraoperative imaging. Despite these differences, there was no
statistically significant difference between the two groups in terms of clinical outcomes
such as postoperative pain, functional outcomes, and complication rates. The Wiltse group
has benefits in terms of reducing the length of hospitalization and may result in faster
recovery for patients.
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