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Abstract: Background/Objectives: Lumbar disc herniation, a complex challenge in spinal health,
significantly impacts individuals across diverse age groups. This article delves into the intricacies of
this condition, emphasising the pivotal role of anatomical considerations in its understanding and
management. Additionally, lumbar discectomy might be considered an “easy” surgery; nevertheless,
it carries significant risks. The aim of the study was to present a groundbreaking “three-step approach”
with some anatomical insight derived from our comprehensive clinical experiences, designed to
systematise the surgical approach and optimise the outcomes, especially for young spine surgeons.
We highlighted the purpose of the study and introduced our research question(s) and the context
surrounding them. Methods: This retrospective study involved patients treated for lumbar disc
herniation at a single institution. The patient demographics, surgical details, and postoperative
assessments were meticulously recorded. All surgeries were performed by a consistent surgical team.
Results: A total of 847 patients of the 998 patients initially included completed the follow-up period.
A three-step approach was performed for every patient. The recurrence rate was 1.89%. Furthermore,
the incidence of lumbar instability and the need for reoperation were carefully examined, presenting
a holistic view of the outcomes. Conclusions: The three-step approach emerged as a robust and
effective strategy for addressing lumbar disc herniation. This structured approach ensures a safe and
educational experience for young spinal surgeons.

Keywords: lumbar disk herniation; three-step approach; surgical triangle; discectomy; young surgeon

1. Introduction

Lumbar disc herniations (LDHs) rank among the leading causes of lower back pain,
impacting approximately 1%–3% of individuals annually, with a prevalence of about
12% [1]. It is noteworthy that a significant percentage (80%) of people will grapple with
lower back discomfort at some stage in their lives, resulting in healthcare costs exceeding
USD 100 billion per year in the US [2]. LDHs affect individuals of all ages and are directly
correlated with increasing patient age [3]. This condition, characterised by the protrusion of
intervertebral disc material, often leads to intense lower back pain and radiating symptoms,
profoundly impacting the daily lives and prospects of those affected [2,4].
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The gold-standard first-line treatment for an LDH is the conservative one, which
includes oral medications, rest, and physical therapy; surgical interventions are reserved
for cases unresponsive to conservative measures [5].

The evolution of discectomy techniques, from Mixter and Barrin in 1934, followed by
Caspar and Williams in 1977, Wiltse and Spencerin and Kambin and Sampson in 1988, to
Foley and Smith in 1997, marks significant progress in spinal surgery. Discectomy involves
a small back incision to remove extruded disk material, relieving nerve pressure. While the
primary goal of alleviating nerve impingement remains unchanged, newer methods focus
on minimising trauma to the muscle and enhancing visualisation [5,6].

In this study, we present a three-step microsurgical approach with some important
anatomical considerations that provide a straightforward and intuitive educational resource
offering a streamlined and standardised surgical process.

Understanding the underlying anatomical factors, patient characteristics, and surgi-
cal techniques is important to optimise patient outcomes and reduce intraoperative and
postoperative complications, guiding young spinal surgeons in the management of this
prevalent pathology and integrating both theoretical knowledge and practical skills.

In this study, we present a three-step surgical approach with some important anatomi-
cal considerations that provide a straightforward and intuitive educational resource offering
a streamlined and standardised surgical process.

2. Materials and Methods
2.1. Study Design

We conducted a retrospective study involving patients who underwent surgical treat-
ment for lumbar disc herniation at the Mater Olbia Hospital between July 2019 and October
2022. The inclusion criteria for this study required patients to be 18 years old, diagnosed
with lumbosacral disc herniation, and experiencing symptoms that were unresponsive to
conservative medical therapy for a minimum of 6 weeks. A minimum follow-up period of
12 months was required. Patients with intraforaminal and extraforaminal disc herniation
were not included in this study.

2.2. Data Collection

Patient data were collected before and after the surgical intervention to assess variables
such as lower back pain, leg pain, quality of life, and psychosomatic aspects. Additional
data included patient demographics such as age, weight, body mass index, smoking status,
and other risk factors.

All surgeries were performed by a consistent team of two surgeons, ensuring unifor-
mity in the surgical approach. The same surgical technique was employed for all patients.

2.3. Follow-Up

Patients underwent a one-month follow-up evaluation, which included lumbosacral
X-rays. Annual follow-up assessments were conducted thereafter, resulting in a cumulative
follow-up period of about 1 to 4 years for each patient.

2.4. Additional Data Collected

Intraoperative times were documented to assess the duration of surgery for each
patient. Average hospital stay durations were recorded to understand the postoperative
recovery times. Intraoperative and postoperative complications were documented and anal-
ysed. Recurrence rates of lumbar disc herniation and risk of subsequent steno-instability
were evaluated during the follow-up period. In instances of recurrent lumbar or radicular
pain, a comprehensive radiological reassessment was conducted, incorporating lumbar
magnetic resonance imaging (MRI) and dynamic/standing plain radiographs. Recurrence,
in this context, was characterised by the emergence of a fresh extrusion of the nucleus
pulposus or an extruded fragment through the annulus, resulting in the constriction of
the dural sac and impingement on the nerve root at the same precedent level [7]. Lumbar
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instability was delineated by the novel onset of spondylolisthesis or the degeneration of the
facet joints. The radiological criteria outlined by Wang et al. were employed for an accurate
evaluation [8].

All patients signed a written informed consent form, and the study was previously
approved by the local ethics committee, protocol number 276/2020/CE. The data were
analysed using appropriate statistical methods to assess the outcomes and implications of
the surgical treatment of lumbar disc herniation in the specified patient population.

3. Surgical Technique
3.1. Anatomical Consideration

The lumbar segment of the vertebral column is an anatomical region notable for
its role in weight-bearing, trunk mobility, and the transmission of neural signals to the
lower extremities. Comprising five lumbar vertebrae (L1–L5) and the initial sacral vertebra
(S1), the lumbar region stands out for its robust and load-bearing characteristics. The
lumbar vertebrae exhibit wide vertebral bodies, the pedicles where they originate the
transverse processes, the superior and inferior articulate facets that impart both flexibility
and structural integrity and the two laminae that continue posteriorly into the spinous
process [9,10].

Intervertebral discs, positioned between adjacent lumbar vertebrae, comprise a gel-like
nucleus pulposus encased within a fibrous annulus fibrosus that act as shock absorbers and
facilitate spinal movement. These discs are notably exposed to substantial biomechanical
stresses, rendering them susceptible to degenerative changes and herniation, commonly
associated with lumbar disc pathologies [11–15].

Lumbosacral spinal roots, emerging through intervertebral foramina in the lumbar
region, perform the role of transmitting motor and sensory signals to the lower limbs [10,11].

Several spinal ligaments further enhance the stability and integrity of the lumbar
region, including the anterior and posterior longitudinal ligaments, the ligamentum flavum,
and the intra and supra-spinous ligaments [12].

3.2. Posterior Lumbar Surgical Triangle

The posterior lumbar anatomical triangle (Figure 1) is a pivotal anatomical region
within the context of the lumbar spine, characterised by three distinct reference points:

- The midpoint of the base of the spinous process: the midline is defined by the align-
ment of the spinous processes of the lumbar vertebrae. The midsection of the base of
each spinous process constitutes the first reference point within the triangle;

- The medial portion of the homolateral inferior articular process: the second reference
point is the medial part of the inferior articular process of the same vertebra on the
homolateral side;

- The inferior third portion of the homolateral lamina: the third reference point is the
inferior third part of the lateral portion of the lamina of the same vertebra on the
homolateral side.

This anatomical triangle holds great clinical relevance in spinal surgery. When the
yellow ligament situated inferiorly is removed, it provides a clear and direct view of the
medially located dural sac with the corresponding nerve root [11,12]. Furthermore, this
visualisation enables the identification of the intervertebral disc, including any herniation
that may protrude laterally and inferiorly, potentially compressing the nerve root.
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Figure 1. After the Caspar distractor position and skeletonisation of the homolateral spinous process
and homolateral lamina, and the identification of the anatomical triangle: (a) midpoint on the base
of the spinous process; (b) inferior third of the later portion of the lamina; (c) medial aspect of the
inferior articular process. Yellow ligament (white star). The base of the spinous process (black arrow).
Superior and inferior facets of the inferior articular process (white arrow).

3.3. Preoperative Evaluations

In the surgical setting, it is essential to adhere to established procedural norms to avert
errors in patient selection, surgical level, or side [16]. Employing preoperative antibiotics is
considered the gold standard, as they have unequivocally shown efficacy in diminishing
postoperative infections [17]. While the use of elastic stockings and compressive boots
is advised to mitigate venous thromboembolism, their definitive benefits are yet to be
conclusively proven.

Typically, a urinary catheter is deemed unnecessary due to the anticipated brief
duration of the surgical procedure. Intraoperative neuromonitoring is also generally not
necessary.

If the patient’s condition permits, opting for general anaesthesia is advisable. This
allows for the application of short-acting neuromuscular blocking agents, facilitating
smoother muscular dissection and exposure. However, it is crucial that these agents have
dissipated or have been reversed before decompression. When operating around the nerve
root, the heat generated from cautery or compression during bone work can provoke the
stimulation of the root. This stimulation serves as a valuable warning sign for the surgeon,
indicating excessive stress on the nerve. Furthermore, the mobility permitted using local
anaesthetics poses a potential risk when maintaining fixed retraction or operating in
proximity to neural elements [4,16].

3.4. Positioning

The effectiveness of exposure in lumbar discectomy is directly impacted by the align-
ment of neighbouring vertebrae and indirectly affected by the extent of intraoperative
bleeding. Consequently, the objective in positioning for lumbar microdiscectomy is to
enhance lumbosacral flexion and facilitate smoother access through the interlaminar space.

Positioning the patient in a prone manner involves placing them on a Wilson frame or
Kambin frame, ensuring that the surgical area aligns with the apex of the frame. Minimising
pressure on the abdomen is crucial to reduce airway pressures, epidural venous congestion,
and intrathecal pressure. The patient’s arms should be slightly abducted and extended in
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a cephalad direction, resembling the “Superman” position (Figure 2A). This positioning
provides the surgeon with increased working space and facilitates X-ray or fluoroscopy
when obtaining a localisation [18–21].

Figure 2. (A) Positioning on a Wilson frame and surgical room setting; (B) spinal needle (white star)
positioned laterally on the contralateral articular process of the intended surgical site; the long line
corresponds to the midline, and the short line corresponds to the level for L4L5; (C) X-ray control of
the correct L4 level; (D) drawn incision extending one-third superior and two-thirds inferiorly to the
point level of about 3 cm.

To prevent brachial plexus injury, shoulder extension and abduction should be limited
to less than 90 degrees.

All pressure points must be adequately padded to prevent pressure-related ischemia,
with particular attention to protecting the ulnar nerve by padding the medial condyle of
the elbow.

3.5. Surgical Level Localisation

Following patient positioning, one should thoroughly disinfect the operative field.
The intercristal line is used to identify the space between the fourth and fifth lumbar
vertebrae. Subsequently, pinpointing the specific lumbar level, one should insert an 18-
gauge spinal needle laterally on the contralateral articular process of the intended surgical
site (Figure 2B,D). An X-ray is then performed to confirm the location of the needle before
marking the skin incision (Figure 2C). This technique ensures an accurate incision starting
point, minimises the risk of infectious agent transfer and bleeding, and reduces the chance
of impacting the dural sac and nerve root due to the lateral needle placement.

4. Three-Step Approach for Lumbar Disk Herniation
4.1. Step One: Exposure and Skeletal Visualisation

A midline cutaneous incision of approximately 2.5–3 cm is made, ensuring a focused
and minimalistic approach. The paramedian curvilinear incision of the muscle fascia on
the symptomatic side allows targeted access to the affected area (Figure 3A).
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Figure 3. (A) Incision and muscular fascia (black arrow) exposition; (B) muscle fascia handling;
(C) skeletonisation of the homolateral lamina and placement of a Caspar distractor. Klemmer forceps
are positioned under the lamina for X-ray control (white star); (D) X-ray control of the correct Caspar
positioning on the right level.

The muscle fascia on the symptomatic side is delicately dissected, preserving muscle
integrity while gaining optimal exposure. The suspension of the dissected fascia using
a silk thread provides a controlled and clear view of the surgical field (Figure 3B).

The skeletonisation of the hemilamina of the upper vertebra is performed to access
the targeted vertebral structures.

At this point, a Caspar or Scoville distractor is placed to facilitate controlled separation
and visualisation (Figure 3C) and a radioscopic confirmation of the correct vertebral level is
conducted by positioning a Penfield dissector or Klemmer forceps on the lower edge of the
lamina, ensuring accuracy and alignment throughout the procedure (Figure 3D). This step
is crucial for maintaining the integrity of the adjacent structures and guiding subsequent
surgical actions.

4.2. Step Two: Microscopic Identification and Decompression

With the guidance of an intraoperative microscope, the surgical field is magnified to
facilitate visualisation. Utilising the previously described anatomical triangle, the surgical
team locates the midline (the base of the spinous process), medial portion of the inferior
articular process, and lateral part of the inferior third portion of the lamina (Figure 1).
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A high-speed drill with a diamond-tipped burr is employed for the careful removal of
the inferior third of the hemilamina and the medial one-third of the inferior articular facet.
The cephalad insertion of the yellow ligament is detached with a Kerrison rongeur that can
be used as a curette or to cut the bone. If the drilling is correctly performed, thanks to the
recognition of the anatomical landmarks, one bite is usually sufficient to see the epidural
fat emerging beyond the end of the yellow ligament.

The yellow ligament is then delicately lifted and removed by placing the Kerrison
forceps under the lower part of the vertebral lamina at the midline, where the dura is less
attached. The forceps move in a super-caudal direction, then are rotated inferno-caudally
to gently detach the ligament from the base of the spinous process. Subsequently, using
the Weil forceps, the ligament is carefully removed, shifting it laterally toward the articular
process under the direct visualisation of the epidural fat, identifying the dural sac and the
nerve root compressed by the herniated disc (Figure 4).

Figure 4. Exposition after the inferior third of the lamina, inferior articular facet, and yellow ligament
removal (STEP 2). Removing one-third of the medial aspect of the inferior articular process and
the inferior third of the homolateral lamina is necessary and sufficient to expose the dural sac
(black arrow) and the nerve root (white arrow). The articular facet of the superior articular process
(red star).

4.3. Step Three: Hernia Exposure, Herniotomy and Discectomy, and Closure

Using a dural dissector, a Brunner/Meyerding retractor, or a spatula, a gentle medial
retraction is applied to the dural sac and the nerve root, exposing the herniated disc
(Figure 5).
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Figure 5. Hernia (white star) exposure after dural sac and nerve root retraction (white arrow). The
third surgical step continues with the incision of the herniated ligament and intervertebral disc and
the asportation of the hernia with its residual fragments. Retractor (black arrow); intervertebral disk
(red arrow).

Only after the identification of the nerve root, if necessary, bipolar coagulation may
be used to prevent bleeding; then an incision, parallel to the dural edge, is made into the
ligament containing the herniated disc, providing access for removal. The delicate removal
of the herniated disc is carried out using Weil or Caspar forceps, ensuring precision and
minimal disruption to the surrounding structures.

A hooked dissector is used to carefully examine for any residual herniated fragments
beneath the nerve root. The foraminotomy of the involved nerve root is performed, if
necessary, to ensure complete decompression.

Thorough haemostasis is achieved to prevent bleeding complications.
The muscle fascia is meticulously closed, ensuring optimal structural integrity. Subcu-

taneous skin closure is performed with attention to cosmesis.

5. Results

During the period between July 2019 and October 2022, 998 patients underwent
surgery for lumbar disc herniation at Mater Olbia Hospital. One hundred and fifty-one
patients were excluded from the present study because of a follow-up duration of less than
one year. As a consequence, 847 patients were included. The patient cohort, comprising
487 males and 360 females, exhibited a mean age of 51.42 (±13.4) years (Table 1).
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Table 1. Demographic and follow-up data.

Demographic Data Number of Patients Other Data

Patients 847 Average age 51.42 years (±13.40)
Employed/non-employed 544/303 Male/female ratio 487/360

Smokers/non-smokers 281/566 Mean BMI 25.51 (±4.06)
Arterial hypertension 228 Mean follow-up 12–48 months

Previous lumbar surgery 107
Fibromyalgia 54

Operatively, a total of 866 lumbar hernias were addressed, with 828 occurring at a
single level and 19 at two different levels. Herniations were observed at the L5S1 level
(345 cases), L4L5 level (370 cases), L3L4 level (107 cases), L2L3 level (42 cases), and L1L2
level (2 cases), showcasing the frequency distribution across the lumbar levels (Table 2).

Table 2. Level and surgical data.

Lumbar Hernia
Treated Number of Levels Surgical Data

Total lumbar hernia 866 Average wound size 3.28 cm (±0.67)
Single level 828 Mean surgical time 52 min (±16)

Double level 19 Average hospital stay 2.40 days (±0.65)
L5S1 345 Average wound size 3.28 cm (±0.67)
L4L5 370
L3L4 107
L2L3 42
L2L1 2

During the surgical observations, both through the physical measurements and in-
traoperative microscope images (Microscope Leica M530 OHX, Leica Microsystems), we
established the dimensions of the three sides of the posterior lumbar anatomical triangle.

The first side (from the base of the spinous process to the lateral point of the third
inferior part of the lamina) exhibited an average length of 18.1 (±3.82) mm. Moving to the
second side (from the lateral point of the third inferior part of the lamina to the inferior
articular facet), the average length measured 14.6 (±0.85) mm. On the third side (from
the inferior articular facet to the base of the spinous process), the average length was
20.4 (±2.55) mm. Moreover, the area of bone removed from the lamina, approximately
corresponding to the triangular area, was measured. The average area of this triangle,
representing the removed bone, was 164.87 (±37.9) mm2 (Table 3).

Table 3. Dimension of the bone landmark in the surgical field.

Surgical Triangle Dimension Characteristics/Borders Average Length (mm) Standard Deviation

First side
From the base of the spinous process
to the lateral point of the third
inferior part of the lamina

18.1 3.82

Second side
From the lateral point of the third
inferior part of the lamina to the
inferior articular facet

14.6 0.85

Third side From the inferior articular facet to the
base of the spinous process 20.4 2.55

Area of drilled bone Triangular area 164.87 mm2 37.9
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The closure procedures involved the use of an absorbable suture (Vicryl Rapid 2-0).
Drainage was never used. The average surgical time was 52 min, with a standard deviation
of 16 min. The average hospital stay was 2.40 (±0.65) days (Table 2).

Intraoperative complications included seventeen cases of cerebrospinal fluid leaks,
one vertebral fracture, one subcutaneous hematoma, and one instance of sensory deficit
(Table 4). Wound management proved successful, with an average wound size of 3.28 cm
and no postoperative infectious complications reported (Table 2).

Table 4. Complications.

Intraoperative Complications Number of
Complications % Postoperative

Complications
Number of

Complications %

Dural tear 17 1.96 Recurrence 16 1.84
Vertebral fracture 1 0.11 Instability 19 2.19

Subcutaneous hematoma 1 0.11 Motor deficit 0 0
Dural tear 17 1.96 Sensory deficit 1 0.11

Wound infection 0 0

The functional and pain-related outcomes demonstrated substantial improvements.
The preoperative measures revealed a mean Oswestry disability index of 52.43% (±20.61),
which significantly decreased to 21.43% (±14.92) postoperatively. Similarly, the preop-
erative VAS scores for leg (7.76 ± 1.64) and back pain (7.76 ± 1.61) were substantially
reduced postoperatively, which were, respectively, 1.60 ± 1.70 and 2.37 ± 1.92. The Euro
quality of life 5 dimensions preoperative mean was 0.383 (±0.21), increasing to 0.697 (±0.21)
postoperatively (Table 5).

Table 5. Preoperative and postoperative patient assessments.

Patient Assessment Preoperative Postoperative

ODI (Oswestry disability index) 52.43% (±20.61) 21.43% (±14.92)
VAS (visual analogue scale) leg pain 8.05 (±1.64) 1.60 (±1.70)

VAS (visual analogue scale) back pain 7.76 (±1.61) 2.37 (±1.92)
EQ-5D (Euro quality of life 5 dimensions) 0.383 (±0.21) 0.697 (±0.21)

We identified a symptomatic recurrent disc herniation not responsive to medical treat-
ment in 16 cases, representing an incidence rate of 1.84%. These individuals underwent
a secondary surgical procedure involving the removal of the recurrence and a new discec-
tomy. Importantly, all 16 patients experienced complete resolution of clinical symptoms
following the additional intervention.

Simultaneously, we observed a risk of instability necessitating posterior lumbar fusion
with rods and screws in 19 cases, constituting an incidence rate of 2.19% (Table 4).

6. Discussion

The three-step approach for lumbar disc herniation, characterised by meticulous
exposure, decompression, and closure techniques, yields favourable surgical outcomes.
The precision-oriented steps contribute to enhanced patient recovery and long-term well-
being.

In our investigation, we encountered a recurrence rate of 1.84%, a lumbar instability
rate of 2.19%, a dural tear incidence of 2%, and a reintervention rate of 4.03%. Importantly,
no instances of superficial or deep infections were recorded. Subcutaneous hematoma
and sensory deficit were present only in one patient, respectively. These findings present
favourable statistics when compared to the existing literature. Such promising results
could be attributed to the nuanced anatomical and surgical considerations elucidated in
our study.
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In our case series, 16 patients (1.84%) underwent surgery for recurrent disc herniation.
This result is in line with previous literature that has identified recurrent lumbar disc
herniation as a common complication after discectomy, with reported frequencies of up to
21%. Identifying risk factors for recurrence remains controversial; clinical factors like age,
smoking, gender, and obesity have been explored, but findings vary across studies [22–25].
Radiological considerations, such as disc degeneration, increased disc height, and larger
sagittal range of motion in flexion–extension radiography, are also implicated [26–30]. Mc
Girt et al. reported the incidence of recurrent disc herniation in 21 limited discectomy
cohorts (n = 5832 patients) and in 25 aggressive discectomy cohorts (n = 6114 patients). The
mean reported incidence of recurrent disc herniation after limited discectomy was 7%. The
reported incidence ranged from 2 to 18%. The mean reported incidence of recurrent disc
herniation after aggressive discectomy was 3.5%. The reported incidence ranged from 0 to
9.5% [31].

Here, we reported an intraoperative dural tear rate of 1.96%, with no case of postoper-
ative CSF leak, as documented in other studies regarding primary discectomy, which have
reported an incidence rate between 1.3% and 3.5% [32–35].

Instances of wound complications, including superficial or deep infections, are infre-
quent after lumbar discectomy. According to Pugely et al., the overall occurrence of wound
complications was reported at 1.88% in the inpatient setting and 1.21% in the outpatient
setting [36]. Among 7464 patients examined in the NSQIP database, Esfahani et al. ob-
served an overall wound complication rate of 1.1%. In terms of infections, neurosurgeons
had rates of 0.6% for superficial infections and 0.2% for deep infections [37]. Shriver et al.
found wound complication rates of 2.1% and 1.2% for open discectomy [38]. Harper et al.
found an incidence of 2.2%, and twenty-nine patients (82.9%) were treated with operative
debridement [39]. No infections were reported in the present study. This could be attributed
to the surgical technique or, more probably, it was just by chance because we are aware that
zero-infection surgery is probably impossible to achieve.

Heindel et al. reported that lumbar spinal fusion was performed on 5.9% (370/6274)
of patients within 4 years, and patients who received a re-exploration discectomy within
2 years of the index procedure went on to receive lumbar fusion at a rate of 38.4% (48/125)
within the 4 years after the re-exploration discectomy [40]. Österman et al. reported a rate of
2.8% in a population of 35,309 patients who underwent an initial lumbar discectomy in the
Finnish hospital discharge register over the time span of 11 years [41]. Moreover, Heindel
et al. reported a lumbar fusion rate of 5.9% four years after initial lumbar discectomy within
13,654 patients in the Humana database [40]. Castillo et al. found a 4.97% rate of fusion
four years after initial lumbar discectomy within a population of 68,305 patients from the
Truven Healthcare Analytics Marketscan Research Database (Marketscan) [42]. We found
similar results in our cohort.

In a meta-analysis conducted by Bombieri et al., various discectomy approaches from
1997 to 2020 were evaluated, including open, microlumbar, microendoscopic, and fully
endoscopic techniques [43]. Comparing our results with the other approaches, our recur-
rence rate of 1.84% is lower than all the reported techniques, including open discectomy
(4.1%), microlumbar discectomy (5.1%), microendoscopic discectomy (3.9%), and fully
endoscopic discectomy (3.5%). Our reoperation rate of 4.03% is also lower compared to
open discectomy (5.2%), microlumbar discectomy (7.5%), and microendoscopic discectomy
(4.9%), and slightly lower than fully endoscopic discectomy (4%). The dural tear rate in
our approach (1.96%) is significantly lower than in open discectomy (6.6%) and microen-
doscopic discectomy (4.4%) and is comparable to microlumbar discectomy (2.3%) and
fully endoscopic discectomy (1.1%). Our wound infection rate is significantly lower than
all other techniques reported: open discectomy (3.5%), microlumbar discectomy (7.5%),
microendoscopic discectomy (4.9%), and fully endoscopic discectomy (4%). These findings
suggest that our three-step approach to microlumbar discectomy offers superior outcomes
when compared to the various techniques reviewed in the meta-analysis, highlighting its
potential to improve patient outcomes and minimise postoperative complications.



J. Clin. Med. 2024, 13, 3571 12 of 14

The controlled exposure of the three-step approach ensures a clear and targeted view
of the herniated disc and the surrounding structures; minimised tissue trauma and precise
anatomical visualisation contribute to reduced postoperative discomfort. The removal
of the herniated disc with delicacy and attention to the anatomical triangle ensures the
thorough decompression of the spinal cord and nerve root, and the systematic examination
for residual herniated fragments under the nerve root, coupled with foraminotomy, min-
imises the chances of postoperative complications and ensures the likelihood of sustained
symptom relief and functional improvement over the long term. This approach facilitates a
quicker recovery timeline and contributes to shorter hospital stays and a faster return to
daily activities. The meticulous identification of the anatomical triangle and the systematic
adherence to the three surgical steps can serve as a robust foundation and a valuable exer-
cise, especially for residents or young spinal surgeons, providing a secure and educational
framework for addressing disc herniation.

The standardisation and simplification of the approach in a step-by-step procedure
allow educators to safely guide young surgeons during the procedure because the more
experienced one can easily take control of the surgery at any moment without additional
risk for the patient or unnecessary waste of time. Each phase of the approach is thought
to be the safest possible, even if a trainee is involved; the lateral needle placement, for
example, but also the use of high-speed drilling only in a limited fashion, where the dura
is still covered by the yellow ligament; the use of microscope magnification and the care
taken to the identification of the nerve root before coagulation or disc incision. As for every
surgery, even lumbar discectomy should always be refined to improve the risk–benefit
balance, also in an educational context.

7. Conclusions

In conclusion, the three-step approach proved effective in achieving favourable sur-
gical outcomes for lumbar disc herniation. Moreover, it allows the education of young
surgeons with limited risks.

Author Contributions: Conceptualisation, G.L.R., G.G., G.S.; methodology, G.L.R., G.G.; validation,
G.L.R., G.G., A.O., G.S.; formal analysis, G.L.R., G.G., E.M.; investigation, G.G., F.P., V.O.; data
curation, G.G., S.P.; writing—original draft preparation, G.L.R., G.G.; writing—review and editing,
G.L.R., G.G., G.S.; visualisation, G.G., E.M., F.P., V.O.; supervision, G.L.R., A.O., G.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the local ethics committee: protocol number 276/2020/CE (29/10/2020).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Roberto Vialle, L.; Neves Vialle, E.; Esteban Suárez Henao, J.; Giraldo, G. Lumbar disc herniation. Rev. Bras. Ortop. 2010, 45, 17–22.

[CrossRef]
2. Zhang, A.S.; Xu, A.; Ansari, K.; Hardacker, K.; Anderson, G.; Alsoof, D.; Daniels, A.H. Lumbar Disc Herniation: Diagnosis and

Management. Am. J. Med. 2023, 136, 645–651. [CrossRef]
3. Lumbar Degenerative Disk Disease—PubMed. Available online: https://pubmed.ncbi.nlm.nih.gov/28846354/ (accessed on 13

May 2024).
4. Bruce, L. Ehni Lumbar Discectomy. In Benzel’s Spine Surgery; Steinmetz, M.P., Berven, S.H., Benzel, E.C., Eds.; Elsevier:

Philadelphia, PA, USA, 2016; Volume 2, pp. 799–803.

https://doi.org/10.1590/S0102-36162010000100004
https://doi.org/10.1016/J.AMJMED.2023.03.024
https://pubmed.ncbi.nlm.nih.gov/28846354/


J. Clin. Med. 2024, 13, 3571 13 of 14

5. Weinstein, J.N.; Tosteson, T.D.; Lurie, J.D.; Tosteson, A.N.A.; Hanscom, B.; Skinner, J.S.; Abdu, W.A.; Hilibrand, A.S.; Boden,
S.D.; Deyo, R.A. Surgical vs Nonoperative Treatment for Lumbar Disk Herniation: The Spine Patient Outcomes Research Trial
(SPORT): A Randomized Trial. JAMA 2006, 296, 2441–2450. [CrossRef] [PubMed]

6. Zhao, X.M.; Chen, A.F.; Lou, X.X.; Zhang, Y.G. Comparison of Three Common Intervertebral Disc Discectomies in the Treatment
of Lumbar Disc Herniation: A Systematic Review and Meta-Analysis Based on Multiple Data. J. Clin. Med. 2022, 11, 6604.
[CrossRef]

7. Lei, F.; Yanfang, L.; Shangxing, W.; Weihao, Y.; Wei, L.; Jing, T. Spinal Fusion Versus Repeat Discectomy for Recurrent Lumbar
Disc Herniation: A Systematic Review and Meta-Analysis. World Neurosurg. 2023, 173, 126–135.e5. [CrossRef]

8. Wang, Y.; Huang, K. Research Progress of Diagnosing Methodology for Lumbar Segmental Instability: A Narrative Review.
Medicine 2022, 101, E28534. [CrossRef] [PubMed]

9. Royden, J.H.; Ted, M.B.; Michael, J.A.; Scott, L.P. (Eds.) Nerve Roots and Plexus Disordes. In The Netter Collection of Medical
Illustrations. Nervous System part II: Spinal Cord and Peripheral Motor and Sensory Systems; Elsevier: Philadelphia, PA, USA, 2013;
Volume 7, pp. 102–106.

10. Tan, L.A.; Kasliwal, M.K.; Fessler, R.G. Lumbar and Sacral Spine. In Benzel’s Spine Surgery; Steinmetz, M.P., Benzel, E.C., Eds.;
Elsevier: Philadelphia, PA, USA, 2016; Volume 2, pp. 406–415.

11. Yoshiki, T.; Shuichi, M.; James, D.K. Disk Degeneration and Regeneration. In Youmans and Winn Neurological Surgery; Winn, H.R.,
Ed.; Elsevier: Philadelphia, PA, USA, 2022; Volume 3, pp. 2408–2413.

12. Goldberg, J.L.; Moss, N.; Virk, M.S.; Gregory, K.-M. Fu Spinal Anatomy. In Youmans and Winn Neurological Surgery; Winn, H.R.,
Ed.; Elsevier: Philadelphia, PA, USA, 2022; Volume 3, pp. 2390–2401.

13. Vo, N.V.; Hartman, R.A.; Patil, P.R.; Risbud, M.V.; Kletsas, D.; Iatridis, J.C.; Hoyland, J.A.; Le Maitre, C.L.; Sowa, G.A.; Kang, J.D.
Molecular Mechanisms of Biological Aging in Intervertebral Discs. J. Orthop. Res. 2016, 34, 1289–1306. [CrossRef]

14. McMorran, J.G.; Gregory, D.E. The Influence of Axial Compression on the Cellular and Mechanical Function of Spinal Tissues;
Emphasis on the Nucleus Pulposus and Annulus Fibrosus: A Review. J. Biomech. Eng. 2021, 143, 050802. [CrossRef]

15. Samanta, A.; Lufkin, T.; Kraus, P. Intervertebral Disc Degeneration-Current Therapeutic Options and Challenges. Front. Public
Health 2023, 11, 1156749. [CrossRef] [PubMed]

16. Jared, B.C.; Meic, H.S. Lumbar Microdiscectomy: Indications and Techniques. In Schmidek and Sweet Operative Neurosurgical
Techniques; Quinones-Hinojosa, A., Ed.; Elsevier: Philadelphia, PA, USA, 2022; Volume 2, pp. 1717–1729.

17. Shaffer, W.O.; Baisden, J.L.; Fernand, R.; Matz, P.G. An Evidence-Based Clinical Guideline for Antibiotic Prophylaxis in Spine
Surgery. Spine J. 2013, 13, 1387–1392. [CrossRef]

18. Dagistan, Y.; Okmen, K.; Dagistan, E.; Guler, A.; Ozkan, N. Lumbar Microdiscectomy Under Spinal and General Anesthesia: A
Comparative Study. Turk. Neurosurg. 2015, 25, 685–689. [CrossRef] [PubMed]

19. Schonauer, C.; Bocchetti, A.; Barbagallo, G.; Albanese, V.; Moraci, A. Positioning on Surgical Table. Eur. Spine J. 2004, 13 (Suppl.
1), S50–S55. [CrossRef] [PubMed]

20. Porchet, F.; Bartanusz, V.; Kleinstueck, F.S.; Lattig, F.; Jeszenszky, D.; Grob, D.; Mannion, A.F. Microdiscectomy Compared with
Standard Discectomy: An Old Problem Revisited with New Outcome Measures within the Framework of a Spine Surgical
Registry. Eur. Spine J. 2009, 18 (Suppl. 3), 360–366. [CrossRef] [PubMed]

21. Sekerak, R.; Mostafa, E.; Morris, M.T.; Nessim, A.; Vira, A.; Sharan, A. Comparative outcome analysis of spinal anesthesia versus
general anesthesia in lumbar fusion surgery. J Clin Orthop Trauma. 2020, 13, 122–126. [CrossRef] [PubMed]

22. Shin, B.-J. Risk Factors for Recurrent Lumbar Disc Herniations. Asian Spine J. 2014, 8, 211–215. [CrossRef] [PubMed]
23. Cheng, J.; Wang, H.; Zheng, W.; Li, C.; Wang, J.; Zhang, Z.; Huang, B.; Zhou, Y. Reoperation after Lumbar Disc Surgery in Two

Hundred and Seven Patients. Int. Orthop. 2013, 37, 1511–1517. [CrossRef]
24. Kim, K.-T.; Lee, D.-H.; Cho, D.-C.; Sung, J.-K.; Kim, Y.-B. Preoperative Risk Factors for Recurrent Lumbar Disk Herniation in

L5-S1. J. Spinal Disord. Tech. 2015, 28, E571–E577. [CrossRef] [PubMed]
25. Shepard, N.; Cho, W. Recurrent Lumbar Disc Herniation: A Review. Global Spine J. 2019, 9, 202–209. [CrossRef] [PubMed]
26. Axelsson, P.; Karlsson, B.S. Intervertebral Mobility in the Progressive Degenerative Process. A Radiostereometric Analysis. Eur.

Spine J. 2004, 13, 567–572. [CrossRef]
27. Atlas, S.J.; Keller, R.B.; Wu, Y.A.; Deyo, R.A.; Singer, D.E. Long-Term Outcomes of Surgical and Nonsurgical Management of

Sciatica Secondary to a Lumbar Disc Herniation: 10 Year Results from the Maine Lumbar Spine Study. Spine 2005, 30, 927–935.
[CrossRef]

28. Wera, G.D.; Marcus, R.E.; Ghanayem, A.J.; Bohlman, H.H. Failure within One Year Following Subtotal Lumbar Discectomy. J.
Bone Jt. Surg. Am. 2008, 90, 10–15. [CrossRef] [PubMed]

29. Kim, K.-T.; Park, S.-W.; Kim, Y.-B. Disc Height and Segmental Motion as Risk Factors for Recurrent Lumbar Disc Herniation.
Spine 2009, 34, 2674–2678. [CrossRef] [PubMed]

30. Shin, E.-H.; Cho, K.-J.; Kim, Y.-T.; Park, M.-H. Risk Factors for Recurrent Lumbar Disc Herniation after Discectomy. Int. Orthop.
2019, 43, 963–967. [CrossRef] [PubMed]

31. McGirt, M.J.; Garcés Ambrossi, G.L.; Datoo, G.; Sciubba, D.M.; Witham, T.F.; Wolinsky, J.P.; Gokaslan, Z.L.; Bydon, A. Recurrent
Disc Herniation and Long-Term Back Pain after Primary Lumbar Discectomy: Review of Outcomes Reported for Limited versus
Aggressive Disc Removal. Neurosurgery 2009, 64, 338–344. [CrossRef] [PubMed]

https://doi.org/10.1001/JAMA.296.20.2441
https://www.ncbi.nlm.nih.gov/pubmed/17119140
https://doi.org/10.3390/JCM11226604
https://doi.org/10.1016/J.WNEU.2022.12.091
https://doi.org/10.1097/MD.0000000000028534
https://www.ncbi.nlm.nih.gov/pubmed/35029921
https://doi.org/10.1002/jor.23195
https://doi.org/10.1115/1.4049749
https://doi.org/10.3389/FPUBH.2023.1156749
https://www.ncbi.nlm.nih.gov/pubmed/37483952
https://doi.org/10.1016/J.SPINEE.2013.06.030
https://doi.org/10.5137/1019-5149.JTN.10300-14.1
https://www.ncbi.nlm.nih.gov/pubmed/26442531
https://doi.org/10.1007/S00586-004-0728-Y
https://www.ncbi.nlm.nih.gov/pubmed/15221573
https://doi.org/10.1007/s00586-009-0917-9
https://www.ncbi.nlm.nih.gov/pubmed/19255791
https://doi.org/10.1016/j.jcot.2020.11.017
https://www.ncbi.nlm.nih.gov/pubmed/33680810
https://doi.org/10.4184/asj.2014.8.2.211
https://www.ncbi.nlm.nih.gov/pubmed/24761206
https://doi.org/10.1007/s00264-013-1925-2
https://doi.org/10.1097/BSD.0000000000000041
https://www.ncbi.nlm.nih.gov/pubmed/25089673
https://doi.org/10.1177/2192568217745063
https://www.ncbi.nlm.nih.gov/pubmed/30984501
https://doi.org/10.1007/s00586-004-0713-5
https://doi.org/10.1097/01.BRS.0000158954.68522.2A
https://doi.org/10.2106/JBJS.F.01569
https://www.ncbi.nlm.nih.gov/pubmed/18171952
https://doi.org/10.1097/BRS.0b013e3181b4aaac
https://www.ncbi.nlm.nih.gov/pubmed/19910771
https://doi.org/10.1007/s00264-018-4201-7
https://www.ncbi.nlm.nih.gov/pubmed/30327934
https://doi.org/10.1227/01.NEU.0000337574.58662.E2
https://www.ncbi.nlm.nih.gov/pubmed/19190461


J. Clin. Med. 2024, 13, 3571 14 of 14

32. Saxler, G.; Krämer, J.; Barden, B.; Kurt, A.; Pförtner, J.; Bernsmann, K. The Long-Term Clinical Sequelae of Incidental Durotomy in
Lumbar Disc Surgery. Spine 2005, 30, 2298–2302. [CrossRef]

33. Inada, T.; Nishida, S.; Kawaoka, T.; Takahashi, T.; Hanakita, J. Analysis of Revision Surgery of Microsurgical Lumbar Discectomy.
Asian Spine J. 2018, 12, 140–146. [CrossRef] [PubMed]

34. Strömqvist, F.; Jönsson, B.; Strömqvist, B.; Swedish Society of Spinal Surgeons. Dural Lesions in Lumbar Disc Herniation Surgery:
Incidence, Risk Factors, and Outcome. Eur. Spine J. 2010, 19, 439–442. [CrossRef] [PubMed]

35. Desai, A.; Ball, P.A.; Bekelis, K.; Lurie, J.D.; Mirza, S.K.; Tosteson, T.D.; Weinstein, J.N. Outcomes after Incidental Durotomy
during First-Time Lumbar Discectomy. J. Neurosurg. Spine 2011, 14, 647–653. [CrossRef] [PubMed]

36. Pugely, A.J.; Martin, C.T.; Gao, Y.; Mendoza-Lattes, S.A. Outpatient Surgery Reduces Short-Term Complications in Lumbar
Discectomy: An Analysis of 4310 Patients from the ACS-NSQIP Database. Spine 2013, 38, 264–271. [CrossRef]

37. Esfahani, D.R.; Shah, H.; Arnone, G.D.; Scheer, J.K.; Mehta, A.I. Lumbar Discectomy Outcomes by Specialty: A Propensity-
Matched Analysis of 7464 Patients from the ACS-NSQIP Database. World Neurosurg. 2018, 118, e865–e870. [CrossRef]

38. Shriver, M.F.; Xie, J.J.; Tye, E.Y.; Rosenbaum, B.P.; Kshettry, V.R.; Benzel, E.C.; Mroz, T.E. Lumbar Microdiscectomy Complication
Rates: A Systematic Review and Meta-Analysis. Neurosurg. Focus. 2015, 39, E6. [CrossRef] [PubMed]

39. Harper, R.; Klineberg, E. The Evidence-Based Approach for Surgical Complications in the Treatment of Lumbar Disc Herniation.
Int. Orthop. 2019, 43, 975–980. [CrossRef] [PubMed]

40. Heindel, P.; Tuchman, A.; Hsieh, P.C.; Pham, M.H.; D’Oro, A.; Patel, N.N.; Jakoi, A.M.; Hah, R.; Liu, J.C.; Buser, Z.; et al.
Reoperation Rates After Single-Level Lumbar Discectomy. Spine 2017, 42, E496–E501. [CrossRef] [PubMed]

41. Österman, H.; Sund, R.; Seitsalo, S.; Keskimäki, I. Risk of Multiple Reoperations After Lumbar Discectomy. Spine 2003, 28, 621–627.
[CrossRef] [PubMed]

42. Castillo, H.; Chintapalli, R.T.V.; Boyajian, H.H.; Cruz, S.A.; Morgan, V.K.; Shi, L.L.; Lee, M.J. Lumbar Discectomy Is Associated
with Higher Rates of Lumbar Fusion. Spine J. 2019, 19, 487–492. [CrossRef]

43. Bombieri, F.F.; Shafafy, R.; Elsayed, S. Complications Associated with Lumbar Discectomy Surgical Techniques: A Systematic
Review. J. Spine Surg. 2022, 8, 377–389. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/01.brs.0000182131.44670.f7
https://doi.org/10.4184/asj.2018.12.1.140
https://www.ncbi.nlm.nih.gov/pubmed/29503694
https://doi.org/10.1007/s00586-009-1236-x
https://www.ncbi.nlm.nih.gov/pubmed/20013002
https://doi.org/10.3171/2011.1.SPINE10426
https://www.ncbi.nlm.nih.gov/pubmed/21375385
https://doi.org/10.1097/BRS.0B013E3182697B57
https://doi.org/10.1016/j.wneu.2018.07.077
https://doi.org/10.3171/2015.7.FOCUS15281
https://www.ncbi.nlm.nih.gov/pubmed/26424346
https://doi.org/10.1007/s00264-018-4255-6
https://www.ncbi.nlm.nih.gov/pubmed/30543041
https://doi.org/10.1097/BRS.0000000000001855
https://www.ncbi.nlm.nih.gov/pubmed/27548580
https://doi.org/10.1097/01.BRS.0000049908.15854.ED
https://www.ncbi.nlm.nih.gov/pubmed/12642772
https://doi.org/10.1016/j.spinee.2018.05.016
https://doi.org/10.21037/jss-21-59

	Introduction 
	Materials and Methods 
	Study Design 
	Data Collection 
	Follow-Up 
	Additional Data Collected 

	Surgical Technique 
	Anatomical Consideration 
	Posterior Lumbar Surgical Triangle 
	Preoperative Evaluations 
	Positioning 
	Surgical Level Localisation 

	Three-Step Approach for Lumbar Disk Herniation 
	Step One: Exposure and Skeletal Visualisation 
	Step Two: Microscopic Identification and Decompression 
	Step Three: Hernia Exposure, Herniotomy and Discectomy, and Closure 

	Results 
	Discussion 
	Conclusions 
	References

