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Abstract

Objective: This study aimed to evaluate the therapeutic
effectiveness and safety of allogeneic stem cell injections in the
intervertebral discs of patients with recurrent disc herniations.

Methods: An observational cohort study involved 75 patients
with a history of recurrent lumbar disc herniations. During
their revision endoscopic transforaminal discectomy surgery,
participants received allogeneic cortico-cancellous bone graft
infused with allogeneic Mesenchymal Stem Cells (MSCs) placed
into the affected hollow intervertebral vacuum discs to achieve un-
instrumented spinal fusion aimed at improving clinical outcomes
by lowering the risk of recurrent disc herniation at the index level.
The primary outcome measure was the interbody fusion grading.
Secondary outcomes included: 1) pain intensity (measured by the
Visual Analog Scale), 2) functional disability evaluated using the
Oswestry Disability Index., and 3) quality of life assessed by the
modified Macnab criteria questionnaire. Assessments were made
at baseline, 3, 6, 12, and 24 months post-treatment.

Results: At the 24-month follow-up, 40 patients (53.3%) reported
excellent, 24 (32.0%) indicated good, and 11 (14.7%) declared
fair functional Macnab outcomes. VAS Leg pain was substantially
reduced from a preoperative mean of 8.86 + 1.086 to 3.00 + 4.423,
signifying a mean decrease of 5.27 + 2.15 (p < 0.001). The ODI
decreased from 55.88 + 17.12 to 16.40 + 8.17. Of the 75 patients

undergoing interbody fusion, 37 (48.7%) achieved complete
fusion (Grade I) with evidence of remodeling and trabecular bone
in the fusion space. Twenty-four patients (31.6%) had a Grade
Il fusion, indicating an intact graft that was not fully remodeled
or incorporated. Grade lll fusion, characterized by an intact graft
with potential lucency at both ends, was observed in 6 patients
(7.9%). In comparison, three patients (3.9%) experienced a Grade
IV fusion, which was absent due to graft collapse or resorption.
Incidental durotomies, nerve root injuries, wound complications,
and postoperative instability was absent. No significant adverse
events related to stem cell therapy were reported.

Conclusion: Lumbar interbody fusion with allogenic mesenchymal
stem cell enriched corticocancellous bone graft in patients with
recurrent disc herniations is a safe and effective treatment, leading
to reduced pain, improved function, and quality of life. These
findings suggest that stem cell-enriched standalone bone grafts
could be a viable alternative to conventional lumbar spinal fusion
treatments, offering a new avenue for managing patients with this
challenging condition without spinal implants. Further research is
needed to understand the long-term implications and mechanisms
underlying the regenerative potential of stem cell therapy in spinal
disorders.

Keywords: Safety and Efficacy of Stem Cell Therapy, Intervertebral
Disc Regeneration, Recurrent Disc Herniation, Autologous Stem,
Spinal Regenerative Medicine, Clinical Trial Outcomes, Disc
Degeneration Treatment, Minimally Invasive Procedures, Functional
Disability Reduction

Introduction

Recurrent Lumbar Disc Herniation (RLDH) represents a
potentially severe complication affecting 5% to 18% of patients,
varying with the follow-up duration. Characterized by significant
pain and motor deficits, RLDH often proves refractory to conservative
management, necessitating surgical intervention. Revision
discectomy, while a standard procedure, typically yields inferior
outcomes compared to primary surgery. A particular concern with
revision discectomy is the risk of spinal instability due to extensive
resection of intervertebral facet joints for nerve exposure, which can
lead to more pain. Experience indicates that RLDH is associated
with a vacuum disc with extensive inflammatory tissue suggesting a
poor prognosis with increased risk of persistent pain. This risk often
influences surgeons to consider instrumental fusions, even when they
may not be strictly necessary.

A novel surgical approach, Full-Endoscopic Lumbar Discectomy
(FELD), has emerged as a less invasive alternative to traditional
revision discectomy. FELD can be performed via Trans Foraminal
(TFED) or Inter Laminar (IFED) routes. Compared to conventional
surgery, FELD offers several advantages, including preservation of
dorsal musculature and spinal structures and reduced perioperative
morbidity. Given these benefits, FELD has gained increasing
acceptance. The technique can be applied through Inter Laminar (IL)
or Trans Foraminal (TF) approaches, both providing effective clinical
outcomes. However, the TF approach, allowing direct access to the
herniated disc via the foramen without disturbing the ligamentum
flavum or dural sac, is particularly advantageous for revision
surgeries. This approach is preferable in cases with posterior scar
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tissue complications, offering a less invasive option and reducing the
likelihood of revision failure.

Endoscopic spine surgery facilitates intradiscal access by
employing the inside-out technique for interventions like allograft
and mesenchymal stem cell insertion to promote interbody
fusion. Another advantage lies in direct visualization of the
endplate preparation. Recent attention has focused on Multipotent
Mesenchymal Stem Cell (MSC) treatment delivered percutaneously
as a novel approach for treating disco genic Lower Back Pain (LBP)
and associated disc degeneration. MSC therapy, unlike traditional
methods, supports cellular regeneration. Current evidence suggests
MSCs’ unique ability to meet the tripartite goals of disc pathology
treatment, alongside modulating immune responses and exerting
anti-inflammatory effects on damaged tissues. Human Umbilical
Cord Tissue-Derived Mesenchymal Stem Cells (HUC-MSCs) are
particularly promising due to their ease of collection, potential for
allogeneic application, and low immunogenicity, suggesting their
suitability for localized immunosuppression.

Spinal fusion enhancement with MSC has been reported. A
study by Stephen et al. 2021 reviewed 19 preclinical and 17 clinical
studies examining MSC use in spinal fusion. These studies, though
varied in design due to differing osteoconductive scaffolds, cells,
and techniques, showed positive outcomes in animal models with
appropriate scaffolds and osteogenic differentiation factors. Clinical
studies, albeit with methodological and material variations, also
indicated promising results. However, due to the heterogeneity of
these studies, direct comparisons with autologous bone graft fusion
rates remain challenging, underscoring the need for further research
in this evolving field.

In this clinical trial, the authors explored the potential of
intervertebral MSC delivery in conjunction with corticocancellous
bone allograft via the endoscopic route as a minimally invasive
intervention for patients suffering from RLDH to facilitate reliable
interbody fusion to prevent re-herniation. The study’s rationale is
rooted in the regenerative capacity of stem cells, which have shown
promise in tissue engineering and regenerative medicine, offering
new hope for reducing pain from degenerated intervertebral discs.
The objective was to assess not only the efficacy of the endoscopic
MSC delivery in reducing the size of disc herniation’s and alleviating
symptoms but also to evaluate the safety profile of MSC in this
clinical setting. By conducting a well-organized observational cohort
study, the authors of this study aimed to provide robust, evidence-
based insights into the feasibility of stem cell therapy as a viable
alternative to conventional treatment modalities for recurrent disc
herniations which in many cases includes instrumented spinal fusion
- an aggressive option that is disliked by many patients. The author’s
intent was to shift the focus from symptomatic surgical management
to regenerative healing, thereby significantly impacting patient care
and quality of life.

Materials & Methods
Study Group

A cohort of 75 patients experiencing severe claudication symptoms
and sciatica-type low back and leg pain attributable to Recurrent
Lumbar Disc Herniation (RLDH) were included in this study. Of the
75 patients, 56 had undergone traditional open micro discectomy
surgery and the remaining 19 had a previous FELD. The mean time
elapsed from the index operation to the revision intervention for

RLDH was. The primary pain generator was identified preoperatively,
[1-7] employing a peer-reviewed and published protocol.

Inclusion / Exclusion Criteria

The selection of patients for this study was conducted with rigorous
adherence to well-defined criteria. These criteria included the failure
of conservative management approaches, radiologically confirmed
lumbar stenosis that correlated with the patient’s clinical symptoms
and physical examination findings, and a history of recurrent lumbar
disc herniation. The latter was specifically defined as a herniated disc
reoccurring at the same level and side as previously treated by initial
Full-Endoscopic Discectomy (FED) or open surgical intervention,
necessitating further surgical management. The inclusion criteria for
patients undergoing this procedure were:

1.  Clinical presentation of symptoms such as lumbar radiculopathy,
dysesthesias (sensory disturbances), and diminished motor
function.

2. Diagnostic imaging evidence, including Magnetic Resonance
Imaging (MRI) and Computed Tomography (CT) scans,
demonstrating severe central, foraminal, or lateral recess stenosis
attributable to Recurrent Lumbar Disc Herniation (RLDH).

3. A  history of unsuccessful non-operative treatments,
encompassing physical therapy and transforaminal epidural
steroid injections, persisting for at least 12 weeks.

4. Anage range of 35 to 85 years.

Conversely, certain patients were deemed ineligible for the
trans-facet endoscopic lumbar procedure based on the fol-
lowing exclusion criteria:

1. Segmental instability exceeding Grade I spondylolisthesis
or translational motion surpassing 8 mm, as evident on
preoperative extension-flexion radiographs.

2. The presence of an infection.

3. The existence of metastatic disease.
Endoscopic technique

Each patient underwent a Full Endoscopic Discectomy and
Transforaminal Foraminoplasty (FED-TF) procedure. Patients
are positioned prone and sedated in accordance with Monitored
Anesthesia Care (MAC) protocols. Prophylactic oral antibiotics,
either cephalosporin or quinolone (in cases of cephalosporin allergy),
were administered both before and after the procedure. The surgery
commenced with a 1 cm skin incision, followed by the insertion of
an endoscope 9 to 13 cm lateral to the midline. Careful resection of
scar tissue was conducted. For optimal visualization of the anatomical
structures and thorough removal of recurrent disc herniation, an
extensive foraminoplasty was executed, extending medially to the
edges of the dural sac, both superiorly and inferiorly (Figure 1).

Subsequently, the integrity and viability of the intervertebral disc
were assessed via direct videoendoscopic visualization. Frequently,
these discs exhibit significant degenerative changes, characterized
by the presence of multiple avascular fragments. These fragments
necessitate complete removal via endoscopic techniques. Throughout
the procedure, the superior and inferior endplates of adjacent
vertebrae are readily identifiable. When indicated, a drilling technique
is employed to decorticate the endplates until a bleeding surface is
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Figure 1: An exemplary sagittal (a) and axial (b) T1-weighted MRI scan of a patient suffering from a recurrent lumbar disc herniation prompted the stem
cell injection therapy investigated in this study. The patient was not interested in a formal revision discectomy or spinal fusion procedure. The endoscopic
procedure involved foraminoplasty (d) and decortication of the superior and inferior endplates (e & g) facilitating the reception of allografts mixed with
mesenchymal stem cells derived from umbilical blood (MSC-UB) and bone marrow concentrate (f). A combination of 10 million MSC-UB mixed with hyaluronic
acid and BMC is utilized with the scaffold. Allograft placement should be confined to the anterior third of the intervertebral space.

achieved, facilitating the reception of allografts. These allografts are
composed Of Mesenchymal Stem Cells Derived from Umbilical Blood
(MSC-UB) and Bone Marrow Concentrate (BMC), harvested from
the iliac crest. In the authors’ experience, preoperative disc height
of 7 mm or less is predictive of vacuum disc and low propensity of
postoperative allograft displacement. Allograft placement should be
confined to the anterior third of the intervertebral space, ensuring
meticulous inspection to avoid graft migration into the foramen or
lateral recess. A combination of 10 million MSC-UB mixed with
hyaluronic acid and BMC is utilized as a scaffold. Patients receiving
this alternative treatment were excluded from the study (Figure 1).

Stem cell harvest & expansion

Allogeneic Mesenchymal Stem Cells (MSCs) were harvested from
the mononuclear cell fraction of umbilical cords (UC) with informed
maternal consent immediately post-delivery. These cells, specifically
Wharton’s Jelly-derived MSCs (WJ-MSCs), genetically mirror the
newborn and were procured under stringent aseptic conditions.
Umbilical cord segments, approximately 10 cm long, were promptly
immersed in a preservative medium with antibiotics and stored at
4°C for transport to the laboratory.

In the lab, the Wharton’s Jelly was meticulously sectioned into 1-2
mm fragments and placed in gelatin-coated 100 mm dishes. Each dish
contained 2 grams of W] tissue, submerged in low-glucose Dulbecco’s
Modified Eagle’s Medium (DMEM-LG), enriched with Fetal Bovine
Serum (FBS), penicillin, and streptomycin. On the fifth day, half of
the medium was refreshed, and by the eighth day, all tissue remnants
were removed, and the medium was fully replaced. Cultivation of WJ-
MSCs was conducted at 37°C in a humidified 5% CO2 atmosphere,
with media changes ensuring 80% confluence. Cell detachment for

passage utilized 0.05% Trypsin-EDTA, with subsequent PBS washing
and centrifugation. Seeding density was maintained at 1 x 104 cells/
cm2.

Cell expansion was limited to five passages to preserve
pluripotency and prevent functional degradation. The entire
process, including procurement, expansion, cryopreservation, and
storage, adhered to Current Good Manufacturing Practice (CGMP)
standards at an AABB-accredited facility (Vidacel, Vitacura, Chile).
Quality control involved Trypan blue exclusion for cell viability, flow
cytometry for mesenchymal markers CD44, CD90, CD105, and CD34,
and comprehensive testing for infectious diseases, sterility, endotoxins,
and mycoplasma. Upon satisfactory evaluation, cells were cryopreserved,
stored in sterile containers, and dispatched to clinical sites as “ready for
use” preparations for injection into targeted discs.

Interbody Fusion Assessment

The interbody fusion was graded using the Bridwell classification:
Grade I, segment fused with remodeling and trabeculae present;
Grade II, graft intact, not fully remodeled and incorporated but no
lucency present; Grade III, graft intact, potential lucency present at
top and bottom of graft; and Grade IV, fusion absent with collapse or
resorption of the graft [8].

Statistical Analysis

The primary clinical outcome measures to evaluate the efficacy
of allogeneic Mesenchymal Stem Cells (MSCs) in ameliorating
RLDH symptoms comprised the modified McNab criteria [9], the
Visual Analog Scale (VAS) for low back pain intensity [10], and the
Oswestry Disability Index (ODI) [11]. Patient assessments, both
clinical and radiographic, were conducted at intervals of 3, 6, 12, and
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24 months subsequent to treatment. Additionally, interviews were
carried out to record any adverse events. Patient-reported outcome
measures (PROMs) were aligned with clinical improvements as
observed in post-injection MRI assessments using the Pfirrmann
scoring system [12], specifically focused on the recuperating lumbar
intervertebral discs, when postoperative imaging was available. The
definitive criterion for treatment success was the absence of any
further interventions at the treated disc level during the final follow-
up. Analytical examination of demographic and outcome data was

undertaken using descriptive statistical methods via SPSS™ version 27
software. The paired T-test was employed to determine the statistical
significance of observed improvements.

Results

The investigation encompassed 75 participants, consisting of
27 females (36.0%) and 48 males (64.0%), exhibiting a normal age
distribution (Figures 2, 3) and an average age of 47.74, spanning
from 23 to 73 years. A mean postoperative follow-up period of 21.23
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Figure 2: Histogram Demonstrating the Age Distribution of 75 Patients. The x-axis represents age bins, while the y-axis indicates the frequency of patients
within each age bin. The data exhibits a bell-shaped curve, characteristic of a normal distribution, with the highest frequency observed in the age bin [range
23 to 73]. The mean age of 47.74 is represented at the peak of the distribution curve. The smooth curve overlaying the histogram is a Gaussian fit to the data,
further emphasizing the normality of the age distribution within our patient cohort. This normal distribution allows for the application of parametric statistical
tests in further analyses of the data.
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Figure 3: Quantile-Quantile (Q-Q) Plot illustrating the age distribution of the 75 endoscopic discectomyes for recurrent lumbar disc herniation (RLDH) with
subsequent implanation of mesenchymal stem cells (MSCs). The Q-Q plot presents a graphical depiction of the age distribution among 75 patients. Each
point on the plot represents a quantile of the patients’ age distribution against the corresponding quantile of a standard normal distribution. The x-axis
denotes the expected quantiles of a normal distribution, while the y-axis represents the observed age quantiles of the sample. In the present plot, the
close adherence of data points to the 45-degree reference line suggests that the age distribution among of our analyzed patients approximates a normal
distribution, supporting the validity of subsequent parametric statistical analyses.
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months was achieved, spanning 1 to 59 months (Table 1). At the
final follow-up, 40 patients (53.3%) reported excellent, 24 (32.0%)
indicated good, and 11 (14.7%) declared fair functional Macnab
outcomes (Table 2, Figure 4). Leg pain, evaluated using the VAS
score, demonstrated a substantial reduction from a preoperative
mean of 8.86 + 1.086 to 3.00 + 4.423, signifying a mean decrease of

5.27 £ 2.15 (p < 0.001; (Table 3). The effect size measured as Cohen’s
d was 2.212. The ODI decreased from 55.88 + 17.12 to 16.40 + 8.17 at
final follow-up (Table 4). The effect size measured as Cohen’s d was
6.036. Therefore, the lumbar endoscopic MSC implantation benefit
for patients suffering from RLDH was considered “large.” There were
no instances of revision surgeries. Complete fusion of the interbody

Table 1: Patient Demographic and Postoperative Follow-up Data.

Demographics & Follow up N Minimum Maximum Mean
Age [Years] 70 73 47.74
Postopt-:[ﬁ:)i;:hli?llow-up 75 59 21.32
Valid N (List Wise) 70
Gender N Percent Valid Percent Cumulative Percent
F 27 36.0 36.0 36.0
M 48 64.0 64.0 100.0
Total 75 100.0 100.0

Table 2: Modified Macnab Outcome Criteria after Endoscopic Discectomy and MSC Implantation for RLDH.

Modified Macnab Outcome Frequency Percent Valid Percent Cumulative Percent
Excellent 40 53.3 53.3 53.3
Good 24 32.0 32.0 85.3
Fair 11 14.7 14.7 100.0
Total 75 100.0 100.0

Clinical Outcome Modified Macnab Criteria

Figure 4: Pie chart demonstrating clinical outcomes with the endoscopic discectomy in patients with recurrent lumbar disc herniations (RLDH) treated with
subsequent implantation of mesenchymal stem cells employing the modified Macnab criteria.

[ Excellent
Fair
B Good

Table 3: Paired-Samples Tests VAS, Effect Size and Confidence Intervals.

Paired Samples Test

Paired Differences T DF Significance
o Std. Error | 95% Confidence Interval . .
Mean  Std. Deviation Mean of the Difference One-Sided p Two-Sided p
Lower Upper

Preop VAS Score - 1 Month Postop | 4 545 2.338 498 3.282 5.355 8664 | 21 <.001 <.001
VAS Score

Preop VAS Score - 3 Months Postop g 74 2.129 569 4.842 7.301 10670 | 13 <.001 <.001
VAS Score

Preop VAS Score - 6 Months Postop | 4 g75 1.808 639 3.364 6.386 7628 | 7 <001 <001
VAS Score

Preop VAS Score - 12 Months 5 575 2.149 648 3.829 6.716 8138 10 <001 <001

Postop VAS Score
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Table 4: Paired-Samples Tests ODI, Effect Size and Confidence Intervals.

Paired Samples Test
Paired Differences T DF  Significance
o "
Mo poorin et ¥ ontaence e OneSidedp  Two-ided
Lower Upper
Preop ODI - 1 Month Postop ODI 31.555 16.008 3.773 23.594 39.516 8.363 17 <.001 <.001
Preop ODI - 3 Months ODI 35.692 18.381 5.098 24.584 46.800 7.001 12 <.001 <.001
Preop ODI - 6 Months Postop ODI 43.000 21.234 6.714 27.810 58.189 6.404 9 <.001 <.001
Preop ODI - 12 Months Postop ODI 42.272 24.980 7.531 25.490 59.054 5.613 10 <.001 <.001
Preop ODI - 24 Months Postop ODI 34.800 4.816 2.154 28.819 40.780 16.155 4 <.001 <.001
Table 5: Bridwell Interbody Fusion Score [8].
Grade Frequency Percent Valid Percent Cumulative Percent
5 7.9 7.9 7.9
| 37 48.7 48.7 56.6
I 24 31.6 31.6 88.2
1 6 7.9 7.9 96.1
\% 3.9 3.9 100.0
Total 75 100.0 100.0
Grade Description
| Fused with remodeling and trabeculae present
1] Graft intact, not fully remodeled and incorporated, but no lucency present
1] Graft intact, potential lucency present at top and bottom of graft
\ Fusion absent with collapse/resorption of graft

Figure 5: Preoperative sagittal (a) and axial (b) postoperative CT scan of a patient with an L5/S1 recurrent lumbar disc herniation that underwent standalone
interbody fusion with corticocancellous bone allograft enriched with mesenchymal stem cells derived from umbilical blood (MSC-UB) and bone marrow
concentrate with a combination of 10 million MSC-UB mixed with hyaluronic acid and BMC. Initially, the patient did well but then developed recurrent sciatica-
type back and leg pain within four weeks from the endoscopically assisted interbody fusion operation attributed to graft extrusion. Symptoms improved
promptly, and a follow-up CT scan within three months from the index operation showed the bone the extruded graft had resorbed. The patient went on to

a successful fusion.

space was observed in 37 of the 75 patients (48.7%), who were
successfully fused with remodeling and trabecular bone present in
the interbody fusion space (Grade I). Grade II fusion with intact graft
but not fully remodeled or incorporated graft in the interbody space
was observed in 24 (31.6%) patients versus Grade III (graft intact,
potential lucency present at top and bottom of graft in 6 (7.9%) and

Grade IV (Fusion absent with collapse/resorption of graft) in 3 (3.9%)
of patients, respectively (Table 5). Incidental durotomies, nerve root
injuries, wound complications, and postoperative instability was
absent. There was one patient who became symptomatic within the
first two postoperative weeks with a new onset of sciatica back and
leg pain after an initial interval of symptom resolution. His imaging
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workup with a lumbar CT scan showed extrusion of the stem cell-
enriched bone graft had occurred. The patient’s symptoms resolved
spontaneously without additional surgery and supportive care
measures (Figure 5).

Discussion

Numerous studies have demonstrated the effective use of Full-
Endoscopic Lumbar Discectomy (FELD) in treating recurrent disc
herniation [13-17]. Variants of this technique include FELD via the
interlaminar (IL) [16] and transforaminal (TF) [18] approaches. Both
methods have been noted for their safety and brevity of operative
time, coupled with significant symptomatic improvement [19-
22]. Intraoperative direct visualization often confirms substantial
decompression of the nerve roots. The transforaminal approach is
particularly noted for safely separating scar tissue adhesions from
the dura and lumbar disc [23, 24]. This aspect of the transforaminal
technique is of relevance when operating patients with recurrent disc
herniations after previous discectomy in whom scar tissue should be
expected [25-28].

End-stage vacuum degenerative disease, often observed in
patients with recurrent disc herniations, represents a severe and
advanced form of spinal degeneration [1, 29, 30]. In this stage,
intervertebral discs, which act as cushions between the vertebrae,
undergo significant degenerative changes. These changes are
characterized by the loss of disc hydration and height, leading to the
formation of vacuum phenomena - visible as gas-filled spaces within
the disc on radiographic imaging. This vacuum effect is indicative of
severe disc degeneration and is often associated with chronic back
pain and reduced spinal mobility [31]. Patients with recurrent disc
herniations are particularly susceptible to this condition due to the
repeated stress and injury to the disc material. The cumulative effect
of these herniations accelerates the degenerative process, exacerbating
the weakening and dehydration of the disc tissue. As a result, these
patients may experience heightened pain, reduced flexibility, and

an increased likelihood of spinal instability. The authors attempted
to treat painful vacuum discs in patients undergoing surgery for
recurrent disc herniations with interbody fusion with cortico-
cancellous bone allograft enriched with mesenchymal stem cells
derived from umbilical cord and bone marrow aspirate. This study
introduces endoscopic visualization in recurrent disc herniation
treatment, combined with preoperative MRI, tomography, and
dynamic X-rays. Radiological analysis identified risk factors for
recurrent herniation, such as lower disc height [32-39]. While lumbar
lordosis and Cobb angles showed no significant differences, a larger
lumbar lordosis at the L5/S1 level is suggested as a risk factor. The
authors’ approach aims to prevent further herniation and alleviate
back pain (Figure 6).

Over 14 years, the authors have utilized biological products,
including allografts, growth factors, and MSC stem cells, transitioning
to allogenic U-MSC. MSCs contribute osteogenic and osteoinductive
properties essential for successful spinal fusion. Ongoing research in
regenerative medicine indicates that MSCs, synthetic materials, and
BMP-2 proteins might become standard in spinal fusion surgeries
[40-42]. The authors have previously demonstrated successful
standalone interbody fusion in patients with painful end-stage
degenerative disc disease in whom also vacuum disc were found
[43]. The latter has been considered a risk factor for vertical and
anterolateral instability 31 and a major cause for mechanical low
back pain after successful endoscopic decompression surgeries for
sciatica [44-47]. Decompression surgeries in the lumbar spine for soft
tissue (herniated disc & ligamentum flavum hypertrophy) and bony
(osteophytes) stenosis may produce iatrogenic instability which is one
of the main indications for spinal instrumented spinal fusion surgery.
While these fusion surgeries are largely successful at resolving sciatica
and back pain symptoms [48] they bear the risk of producing more
pain in later years due to adjacent segment disease, [49-53] implant
loosening and failures [54-56]. Traditional biocompatible titanium
and polyether-ether-ketone implants may also form a painful biofilm
[57]. Therefore, the standalone endoscopic interbody fusion without

Figure 6: Preoperative sagittal (a) and axial (b) T2-weighted MRI scan of a patient with a L4/5 recurrent lumbar disc herniation within 6 months from the index
operation who presented with excruciating left leg pain. The patient underwent decompression and placement of allografts mixed with mesenchymal stem
cells derived from umbilical blood (MSC-UB) and bone marrow concentrate with a combination of 10 million MSC-UB mixed with hyaluronic acid and BMC is
utilized with the scaffold. Symptoms resolved and the 6-months postoperative CT scan showed fusion of the treated motion segment.
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posterior supplemental fixation is highly attractive [58-60]. It relies on
the inherent rigidity of the degenerative lumbar spine and the more
targeted decompression of the painful lumbar compressive pathology
without the approach-related iatrogenic instability [61]. Spinal
instability in the case of recurrent lumbar disc herniation (RLDH)
is not well investigated but it is conceivable that the underlying
instability of the diseased lumbar spinal motion segment is one of the
main underlying reasons for the recurrent disc herniation to occur
[62].

This study’s findings highlight the efficacy of lumbar endoscopic
MSC implantation in patients with RLDH, reflected in the significant
improvement in functional outcomes and pain reduction. The patient
demographic, comprising a mix of 27 females and 48 males with a
wide age range, indicates the procedure’s applicability across a diverse
population. Notably, the absence of surgical complications such as
incidental durotomies, nerve root injuries, wound complications,
and postoperative instability underscores the safety of this surgical
approach. The substantial decrease in leg pain, as evidenced by the
VAS score reduction and the dramatic improvement in the ODI
scores, underscores the procedure’s effectiveness in alleviating
symptoms and enhancing patient quality of life. The significant effect
sizes for both VAS and ODI scores further affirm the significant
clinical impact of the intervention. The absence of revision surgeries
within the follow-up period suggests a durable outcome from the
procedure. As assessed by the Bridwell classification, Fusion rates
reveal a successful fusion (Grade I) in nearly half of the participants,
demonstrating the procedure’s potential to achieve biomechanical
stability alongside symptomatic relief. Although a complete fusion
was not observed in all patients, most exhibited some successful graft
incorporation (Grades I and II combined), indicating a positive trend
toward spinal stability. Therefore, the results of this investigation
provide compelling evidence supporting lumbar endoscopic MSC
implantation as an effective and safe treatment option for patients
with RLDH. The significant improvements in pain and disability
scores, a favorable fusion rate, and the absence of complications
advocate for the procedure’s broader application. Further research
with larger sample sizes and more extended follow-up periods will
be essential to confirm these findings and to explore the long-term
sustainability of the clinical benefits observed.

The exact mechanism of action is unknown. However, it
is obvious from the authors’ investigation is that allogeneic
Mesenchymal Umbilical Cord Stem Cells (MSCs) significantly
enhance the process of standalone lumbar interbody fusion when
used in conjunction with a corticocancellous bone allograft through
a multifaceted cellular mechanism. These MSCs possess the inherent
ability to differentiate into various cell types, including osteoblasts,
which are crucial for new bone formation. When introduced into the
interbody fusion site, these stem cells not only differentiate into bone-
forming cells but also secrete a range of growth factors and cytokines
that promote angiogenesis, the formation of new blood vessels, and
recruit additional progenitor cells to the site of the graft. This creates
a favorable environment for bone healing and regeneration. The
presence of the corticocancellous bone allograft provides a scaffold
that supports and guides the new bone growth facilitated by the
MSCs. Together; this synergistic action enhances the fusion process
at a cellular level, leading to improved stability and integration of
the graft with the host bone, ultimately resulting in a more robust
and faster fusion. The latter is of utmost importance to patients
with recurrent disc herniations as they have the most to loose with
traditional repeat micro discectomy or fusion surgery.

Conclusion

This observational cohort study demonstrated the efficacy of an
allogeneic corticocancellous bone graft enhanced with mesenchymal
stem cells to reduce pain in patients with recurrent disc herniations in
the lumbar intervertebral discs. The findings suggest an added benefit
of stem cell therapy, specifically the implantation of mesenchymal
stem cells (MSCs) during endoscopic decompression and direct
visualization in patients with recurrent disc herniations. This
combination procedure offers a promising alternative to traditional
methods with a more reliable resolution of symptoms than fusion with
an allogeneic cortico-cancellous bone graft alone. Patients receiving
MSCs also showed enhanced quality of life compared to those who
underwent traditional management methods, suggesting that MSC
may contribute to the regeneration of bony tissue and the rapid
formation of trabecular bone between the endplates of the affected
motion segment. This regenerative capability is critical in addressing
the underlying painful pathology of recurrent disc herniations, which
one could argue occurs in earlier stages of the degenerative disc disease
process. Furthermore, the safety profile of stem cell augmentation of
allogeneic bone graft observed in this study underscores the viability
of this treatment as a minimally invasive option, offering a lower
risk of complications compared to instrumented fusions. Further
research is necessary to better understand the mechanisms of tissue
regeneration and symptom relief.
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