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P S T R

Abstract: Introduction: To compare intraoperative and short-term postoperative outcomes of
patients with recurrent lumbar disc herniation undergoing ALIF Stand-Alone, ALIF 360° or
Arthroplasty. Methods: This retrospective cohort study was conducted at a single center from
August 2019 to January 2024. Inclusion criteria included patients over 18 years diagnosed with
recurrent lumbar disc herniation undergoing ALIF Stand-Alone, ALIF 360°, or Arthroplasty.
Exclusion criteria were incomplete data or other indications. Data collected included demographics,
surgical specifics (procedure type, operated levels, graft type, incision type), and clinical outcomes
(intraoperative morbidity and short-term postoperative outcomes). Results: Sixty-five patients were
evaluated. No intraoperative complications occurred in any group. Average operative times were
165.8 + 61.72 minutes for ALIF Stand-Alone, 236.25 + 46.3 minutes for ALIF 360°, and 98.43 + 45
minutes for Arthroplasty (p < 0.0001). The average postoperative hospital stay was 2.46 + 1.14 days,
with no significant difference between groups (p = 0.515). Postoperative complications were
minimal: one surgical site infection in the ALIF Stand-Alone group (p = 0.444) and four instances of
sympathetic changes (p = 0.477). Conclusion: There was no significant difference in intraoperative
morbidity, short-term postoperative outcomes, or length of stay among the three groups. All
techniques demonstrated good results with low morbidity and short hospitalization times post-
procedure, suggesting that the choice of technique should be based on the surgeon's experience and
the patient's condition and preferences.

Keywords: arthroplasty; anterior lumbar interbody fusion; ALIF; retrospective studies;
intervertebral disc displacement; adults

Introduction

Lumbar disc herniation results from a biomechanical imbalance, leading to nucleus pulposus
extrusion through microfractures in the annulus fibrosus [1]. Symptomatically, chemokines can
induce pain, and compression of the dural sac or nerve root may cause sensory and motor deficits
[2]. Treatment can be conservative or surgical, depending on the patient's clinical picture and the
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surgeon's expertise [3]. When conservative treatment fails, surgical options like nerve root
decompression are common [4]. Recurrence of disc herniation occurs in 2% to 25% of cases, often
necessitating another surgery [5-10].

Surgical options for recurrent disc herniation via the anterior approach include ALIF Stand-
Alone, ALIF 360°% and arthroplasty. ALIF Stand-Alone uses a single anterior pathway and
intersomatic devices [11], allowing for better disc exposure and correction of sagittal balance [12]. It
is associated with reduced bleeding and shorter recovery time [13]. ALIF 360° adds posterior lumbar
instrumentation, enhancing stability and fusion, though with longer surgery time and more bleeding
compared to ALIF Stand-Alone [14,15]. Arthroplasty preserves disc movement and is usually
reserved for initial cases [16,17].

Anterior approaches may increase risks like retroperitoneal injury, vascular injury, or colon
perforation [18-21], but studies show low complication rates and significant improvement in
radiculopathy [22]. This study aims to compare ALIF 360°, ALIF Stand-Alone, and arthroplasty for
recurrent lumbar disc herniation in terms of intraoperative morbidity and short-term outcomes.

Material and Methods

Study Design

We conducted a retrospective observational study at the Hospital Associacao de Assisténcia a
Crianga Deficiente (AACD) to evaluate and compare the intraoperative and short-term postoperative
outcomes of patients diagnosed with recurrent lumbar disc herniation, undergoing Stand-alone
ALIF, 360° ALIF, or Arthroplasty between August 2019 and January 2024. The selection of these
surgical procedures reflects the diversity of surgical approaches and enables a comprehensive
analysis of efficacy and safety aimed at optimizing evidence-based clinical practices. This manuscript
was prepared in accordance with the STROBE [23] (Strengthening the Reporting of Observational
Studies in Epidemiology) guidelines.

Recurrent disc herniation was defined as a disc herniation that is refractory to conservative
treatment and primary decompressive surgery.

Ethical Considerations

This study was approved by the AACD Hospital Research Ethics Committee, ensuring
compliance with ethical standards for research involving human subjects. Informed consent was
waived due to the retrospective nature of the study and the use of anonymized data.

Study Population

Initially, 150 patients operated on by our team during the specified period were evaluated.
Participant selection was based on the analysis of medical records, following well-defined inclusion
and exclusion criteria to ensure the comparability and representativeness of the study groups. Patient
selection is summarized in Figure 1.
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Figure 1. STROBE Flowchart.

Inclusion and Exclusion Criteria

The inclusion criteria for this study were adult patients (age > 18 years) diagnosed with recurrent
disc herniation after the failure of primary surgical treatment (decompression) who subsequently
underwent reoperation using ALIF Stand-Alone, ALIF 360°, or arthroplasty.

Patients who underwent different procedures from those evaluated, had incomplete medical
records, or were treated for conditions other than disc herniation, such as pseudarthrosis or spinal
stenosis, were excluded from the analysis.

Data Collection

Data collection was carried out by two independent researchers following a standardized
protocol for reviewing medical records, ensuring the anonymization and confidentiality of the
information [24]. We extracted demographic data (age, Body Mass Index (BMI), and gender), surgical
data (type of procedure, levels operated, graft used, and type of incision), and main complaint. We
assessed detailed intraoperative complications, including vascular injuries, dural sac injuries, nerve
root injuries, and intra- and retroperitoneal organ injuries, also recording repair strategies. Short-term
postoperative complications were evaluated up to 6 months after the procedure, with all included
patients having already undergone follow-up at 1 week, 1 month, 3 months, and 6 months post-
procedure. These postoperative outcomes were already recorded in the medical records of AACD
Hospital. The complications assessed included: cavitary hematoma, wall hematoma, surgical wound
infection, retroperitoneal infection, lymphocele, evisceration, Deep Vein Thrombosis (DVT),
retrograde ejaculation, and sympathetic alterations.

Subgroup Analysis

We conducted a subgroup analysis based on the operated levels (1 level, 2 levels, and 3 levels)
concerning the parameters of operative time and postoperative hospitalization duration. The number
of operated levels may act as a potential confounder in our study, as these parameters can vary
according to the number of treated levels. Additionally, the groups may exhibit heterogeneity
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regarding the operated levels, which could distort the average operative time and hospitalization
duration in each group.

Surgical Technique

Stand-alone ALIF: This technique involves an anterior approach for lumbar interbody fusion,
providing direct access to the lumbar spine without significant damage to the posterior musculature.
We utilized a retroperitoneal access route to minimize impact on intra-abdominal organs. Complete
discectomy was performed, followed by the insertion of an interbody implant filled with autologous,
heterologous, or combined graft.

360° ALIF: This approach combined the Stand-alone ALIF technique with percutaneous
posterior instrumentation to provide additional stability and increase fusion rates. Following the
ALIF procedure as described above, the patient was repositioned for dorsal approach, where
percutaneous fixation with pedicular screws and rods was performed, completing the 360-degree
fusion.

Arthroplasty: Total disc replacement was performed using an anterior approach similar to that
used for Stand-alone ALIF. Discectomy was followed by meticulous preparation of the disc space to
accommodate the artificial disc implant, aiming to preserve motion and alleviate pain while avoiding
spinal fusion.

All techniques were performed under general anesthesia, following strict asepsis protocols. The
selection of surgical technique was based on rigorous clinical criteria, including the location and
severity of the disc herniation, presence of comorbidities, and patient preferences after an informed
discussion about the risks and benefits of each approach.

The standardization of surgical techniques, combined with the surgical team's experience,
ensured consistency and reproducibility of the procedures, allowing for an accurate assessment of
postoperative outcomes and complications associated with each technique.

Statistical Analysis

We implemented a robust statistical analysis strategy to compare the variables collected among
the procedure groups. Initially, normality tests were performed to determine the choice between
parametric and non-parametric analyses. Continuous variables were compared using ANOVA or the
Kruskal-Wallis test, while categorical variables were assessed using the Chi-square test or Fisher's
exact test, with corrections for multiple comparisons when necessary. When initial analyses revealed
statistically significant differences between the surgical procedure groups, post-hoc analyses were
conducted to identify which specific groups differed. For these multiple comparisons, the Tukey test
was used for adjustments, ensuring rigorous control of Type I error. These post-hoc analyses not only
identified the presence of significant differences but also clarified the nature of these differences
among specific types of surgical procedures.

The significance level for all analyses was set at p<0.05, with a 95% confidence interval. Statistical
analysis was conducted using Python version 3.11, which provides robust analysis for the proposed
models and necessary post-hoc comparisons.

Results

Demographic Data

We evaluated 65 patients with a mean age of 43.87 + 10 years and a median age of 42 years,
ranging from 20 to 72 years. Of the participants, 39 (60%) were male, and 26 (40%) were female, with
an average BMI of 28.73 + 5.10 kg/m?.

The ALIF Stand-Alone group included 25 patients with a mean age of 43.08 + 9.41 years (range:
28-59), comprising 13 (52%) males and 12 (48%) females. The average BMI was 30.25 + 6.9 kg/m?2. The
ALIF 360° group had 24 patients, with a mean age of 48.95 + 9.19 years (range: 34-72), including 16
(66.7%) males and 8 (33.3%) females, and an average BMI of 28.23 + 3.2 kg/m?2. The Arthroplasty group
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consisted of 16 patients with a mean age of 37.5 + 8.35 years (range: 20-53), with 10 (62.5%) males and
6 (37.5%) females, and an average BMI of 27.11 + 3.5 kg/m?2.

No statistical differences were found among the groups regarding gender (p = 0.562) and BMI
(p = 0.475). However, a significant difference in mean age was observed (p < 0.0001), with the post-
hoc analysis showing the Arthroplasty group differed from the ALIF 360° group (p = 0.0007).
Comparisons between ALIF 360° and ALIF Stand-Alone (p = 0.0685) and between ALIF Stand-Alone
and Arthroplasty (p = 0.142) showed no significant age differences.

Complaint

Of the 65 patients analyzed, 27 (41.53%) reported complaints of lumbar or axial pain, 32 (49.23%)
reported both lumbar pain and sciatica, and 6 (9.24%) reported only sciatica. Within the ALIF Stand-
Alone group, 10 (40%) patients complained solely of lumbar or axial pain, 13 (52%) reported both
lumbar pain and sciatica, and 2 (8%) reported only sciatica. In the ALIF 360° group, 11 (45,8%)
patients reported lumbar or axial pain, 11 (45,8%) reported both lumbar pain and sciatica, and 2
(8,4%) reported only sciatica. Lastly, in the Arthroplasty group, 6 (37,5%) patients complained of axial
or lumbar pain, 8 (50%) of both lumbar pain and sciatica, and 2 (12,5%) of only sciatica.

Operated Levels

In our study, a total of 91 spinal levels were operated on. Surgeries were performed on 27
(41.53%) patients at the L5-51 level, 16 (24.61%) at L4-L5-S1, 15 (23.08%) at L4-L5, 4 (6.16%) at L3-L4-
L5-S1, 2 (3.08%) at L3-L4-L5, and 1 (1.54%) at L3-L4.

In the ALIF Stand-Alone group, 39 levels were operated on: 8 (32%) patients at L5-51, 10 (40%)
at L4-L5-5S1, 4 (16%) at L4-L5, 2 (8%) at L3-L4-L5-S1, and 1 (4%) at L3-L4. In the ALIF 360° group, 35
levels were operated on: 9 (37.5%) at L5-S1, 5 (20.9%) at L4-L5-S1, 6 (25%) at L4-L5, 2 (8.3%) at L3-L4-
L5-S1, and 2 (8.3%) at L3-L4-L5.

Finally, in the Arthroplasty group, 17 levels were operated on: 10 (62.5%) at L5-51, 1 (6.25%) at
L4-L5-S1, and 5 (31.25%) at L4-L5.

Incision and Graft Type

We performed a longitudinal incision on 54 (83.07%) patients, while transverse and Pfannenstiel
incisions were used in 5 (7.7%) and 6 (9.23%) patients, respectively. In the Stand-Alone group, 20
(80%) incisions were longitudinal, 2 (8%) were transverse, and 3 (12%) were Pfannenstiel. In the ALIF
360° group, 21 (87.5%) incisions were longitudinal, and 3 (12.5%) were Pfannenstiel. In the
Arthroplasty group, 13 (81.25%) incisions were longitudinal, and 3 (18.75%) were transverse.

We used grafts in 49 patients, all in ALIF surgeries. Of these, 15 (30.61%) were heterologous, 16
(32.66%) autologous, and 18 (36.73%) were combined. In the Stand-Alone group, 6 (24%) received
heterologous grafts, 11 (44%) autologous, and 8 (32%) combined. In the ALIF 360° group, 9 (37.5%)
received heterologous grafts, 5 (20.83%) autologous, and 10 (41.67%) combined.

Details of the Outcomes

No intraoperative complications, such as vascular, nerve root, dural sac, or organ injuries,
occurred in any group. The average operative time was 165.8 + 61.72 minutes in the ALIF Stand-
Alone group, 236.25 + 46.3 minutes in the ALIF 360° group, and 98.43 + 45 minutes in the Arthroplasty
group. The overall average for the 65 patients was 175.23 + 74.69 minutes. Statistical analysis showed
a significant difference between the groups (p < 0.0001), with post-hoc analysis confirming this
difference in all subgroups (p < 0.0001).

The average hospital stay was 2.2 + 0.76 days for ALIF Stand-Alone, 2.75 + 1.48 days for ALIF
360° and 2.43 +1.03 days for Arthroplasty. The overall average was 2.46 + 1.14 days, with no statistical
differences between the groups (p = 0.515).

No short-term postoperative complications such as hematomas, infections, or deep vein
thrombosis occurred. One patient (1.53%) from the ALIF Stand-Alone group developed a surgical
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wound infection, treated with oral cephalexin, resolving in 10 days. There was no statistical difference
regarding infection rates (p = 0.444). Four patients (6.15%) experienced sympathetic alterations—one
from the ALIF Stand-Alone group, one from ALIF 360°, and two from Arthroplasty —but no statistical
differences were found (p = 0.477). These alterations resolved within 5 to 7 days.

Subgroup Analysis

The mean total operative time was 166.27 + 80.35 minutes for patients with 1 operated level,
188.82 + 58.98 minutes for 2 levels, and 223.75 + 64.72 minutes for 3 levels. In the subgroup analysis,
the mean time for 1 level was 164.61 + 65.29 minutes in the ALIF Stand-Alone group, 238 + 50.73
minutes in the ALIF 360° group, and 96 + 45.48 minutes in the Arthroplasty group, with a statistically
significant difference (p < 0.0001).

For 2 levels, the mean time was 172.5 + 62.37 minutes in the ALIF Stand-Alone group and 246.42
+ 25.28 minutes in the ALIF 360° group, with a significant difference (p = 0.02). The Arthroplasty
group had only one patient with 2 levels (134 minutes). For 3 levels, the mean time was 190 + 14.14
minutes in the ALIF Stand-Alone group and 257.5 + 88.38 minutes in the ALIF 360° group, with a
significant difference (p < 0.0001).

Regarding hospitalization, the mean stay was 2.37 + 1.24 days for 1 level, 2.7 + 0.92 days for 2
levels, and 2.95 + 0.65 days for 3 levels. For 1 level, the mean stay was 1.93 + 0.76 days in the ALIF
Stand-Alone group, 2.8 + 1.65 days in the ALIF 360° group, and 2.33 + 0.97 days in the Arthroplasty
group, with no significant difference (p = 0.172).

For 2 levels, the stay was 2.5 + 0.7 days in the ALIF Stand-Alone group and 3 + 1.15 days in the
ALIF 360° group (p = 0.334). For 3 levels, it was 2.7 + 0.71 days in the ALIF Stand-Alone group and
3.2 £0.62 days in the ALIF 360° group (p = 0.293).

Discussion

The analysis of three patient series with chronic pain referred for spinal surgery due to recurrent
lumbar herniated discs showed no significant difference in gender and BMI among patients selected
for ALIF 360°, ALIF Stand-Alone, and Arthroplasty surgeries (p-value > 0.05). The only parameter that
showed a statistically significant difference was the age distribution between patients undergoing
arthroplasty versus ALIF 360° (p-value = 0.0007). This suggests a certain homogeneity in the selection
of patients for each subgroup.

Although the indications for intersomatic fusion techniques and arthroplasty are similar [25,26],
previous studies highlight some differences in perioperative parameters between these techniques
[27,28]. Other studies suggest a greater similarity between short-term and long-term outcomes
[29,30]. Based on this, the current study aims to report the experience obtained with the three different
techniques indicated for recurrent lumbar disc herniation surgery. The objective is to compare the
reported perioperative morbidity with recent evidence from the literature.

Perioperative Complications

In this study, there were no recorded vascular lesions, nerve root injuries, dural sac injuries, or
injuries to intra- and extraperitoneal organs in any of the subgroups evaluated. Regarding short-term
postoperative outcomes, there was an occurrence of 1 surgical wound infection in the ALIF Stand-
Alone group; 1 sympathetic dysfunction for ALIF Stand-Alone, 1 for ALIF 360°, and 2 for
Arthroplasty. None of these complications were statistically significant when the subgroups were
compared (p-value > 0.05).

A retrospective study conducted by Rolt et al. (2017) selected 205 patients for arthroplasty and
99 patients for ALIF, all with indications of Degenerative Disc Disease (DDD), to elucidate the
complications between the two groups. A vascular injury rate of 4.4% was obtained for arthroplasty,
while it was 2.2% for ALIF, with no statistical relevance (p-value = 0.478). No other injuries were
reported beyond a single dural sac injury for arthroplasty (0.5%) [31].
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In contrast, a meta-analysis by Li et al. (2020), reported a statistically significant difference for
dural sac injury, infections, vascular injury, neurological damage, and nerve root injury between
ALIF patients (86/321) and Arthroplasty patients (100/655); (RR=0.59) with DDD [27]. Although the
present study did not reveal significant differences in these parameters, comparisons with the
literature suggest that studies with larger sample sizes are needed to more accurately assess the rates
of perioperative complications between arthroplasty and intersomatic fusion surgeries.

It is important to note that the referenced meta-analysis and retrospective study include patients
with a broader range of indications, while our study focuses solely on patients with recurrent lumbar
disc herniation. This discrepancy may also explain the differences in outcomes between our study
and the two aforementioned studies.

There is a technical similarity between ALIF 360° and ALIF stand-alone surgeries, with the
primary difference being posterior instrumentation [32]. Previous studies report a higher chance of
vascular or nerve damage due to the displacement of the posteriorly inserted screw [33]. Increased
damage to the posterior musculature is also associated with persistent postoperative lower back pain
[34]. There were no significant differences in the complications of both anterior fusion techniques in
this study. This may be related to the surgical similarity between the techniques. Strube et al. (2012)
reported no statistical significance regarding perioperative complications between anteroposterior
ALIF and ALIF stand-alone up to six months postoperatively [35].

Operative Time

In this study, the comparison of the average operative time between the three procedures
showed a statistically significant difference (p-value < 0.0001). Arthroplasty had the shortest average
duration of 98.43 + 45 minutes, followed by ALIF Stand-alone at 165.8 + 61.72 minutes, and ALIF 360°
at 236.25 + 46.3 minutes.

Concordantly, Wei et al. (2013) reported in a meta-analysis of 6 clinical trials with 1603 patients
the existence of a statistical difference in operative time between the anterior fusion group and the
arthroplasty group [36]. Zigler et al. (2012) also reported a shorter operation time for patients
undergoing arthroplasty [37].

In a prospective study comparing 40 patients undergoing ALIF Stand-alone versus 40 patients
undergoing ALIF 360°, a significantly shorter surgical time was reported for the technique without
instrumentation (p-value <0.001) [35]. Consistent with the current study, Ubdy et al. (2015) concluded
that ALIF Stand-Alone has a shorter surgical time than the combined technique [38].

The authors conducted a subgroup analysis of operative time, evaluating separately the number
of levels operated to determine if this would result in a difference in the average operative time. The
analysis revealed that operative time continued to show a statistically significant difference among
the three procedures when patients had only one level operated. For two and three levels operated,
it was not possible to calculate the mean for the Arthroplasty group, as there was only one patient in
the two-level subgroup and no patients in the three-level subgroup. Nevertheless, the analysis of the
ALIF Stand-Alone and 360° groups maintained the same pattern of statistically significant difference
in average operative time. Therefore, within our cohort, this subgroup analysis provided further
validation of the observed difference in operative time among the three techniques. Additionally, it
was observed that the average operative time descriptively increased with the number of levels
operated, which is consistent with the findings of Ho et al. (2020) [39]. Specifically, in the referenced
study, patients with three or more exposed levels had a significantly longer operative time compared
to those with one or two exposed levels (p=0.0116).

Length of Hospital Stay

Shultz et al. (2018) retrospectively evaluated 1,801 patients who underwent ALIF and 255
patients who underwent arthroplasty for DDD to confirm adverse event and readmission rates. It
was reported that although the operative time was not significantly different between the two
cohorts, the postoperative hospital stay was longer for ALIF cases (+0.28 days; p-value < 0.001) [40].
Previous studies have also reported that the combined ALIF technique has a longer hospital stay
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compared to the technique without posterior instrumentation [38,41]. In anterior fusion surgeries,
factors such as advanced age, prolonged operative time, and significant blood loss are also known to
increase hospitalization time [42]. In contrast, in the current study, there was no statistical significance
between the three groups regarding the length of hospital stay. This may be due to the absence of
intraoperative complications in the reported series. The average hospital stay for all 65 operated
patients was 2.46 + 1.14 days.

The authors also conducted a subgroup analysis of postoperative hospital stay, evaluating
separately the number of levels operated to determine if this would result in a difference in
hospitalization duration. The analysis showed that the length of hospital stay did not present a
statistically significant difference among the three procedures when patients had only one level
operated. For cases with two and three levels operated, it was not possible to calculate the mean for
the Arthroplasty group, as there was only one patient in the two-level subgroup and no patients in
the three-level subgroup. However, the analysis of the ALIF Stand-Alone and 360° groups also did
not show a statistically significant difference in average hospitalization duration. Therefore, this
subgroup analysis provided greater confidence in the evaluation of hospital stay duration among the
three groups. The authors also observed that the average hospital stay descriptively increased with
the number of levels operated, similarly to the operative time, which is consistent with the findings
of McGirt et al. (2017) [43], where an increase in the number of operated levels was identified as a
risk predictor for longer hospitalization time.

Strengths and Limitations

This study fulfills its role by reporting intraoperative morbidity and short-term postoperative
outcomes in patients undergoing the described techniques. These findings are essential for
comparing the three surgeries performed for the same indication of recurrent disc herniation
correction. The authors aimed to consider potential confounders, such as the number of operated
levels, by conducting subgroup analyses to avoid erroneous conclusions.

The retrospective nature of the study limits the data analysis. The number of patients (n = 65)
may have influenced the interpretation of the results. Thus, future studies with a larger population
are necessary to confirm the findings of this study.

Conclusions

The evaluated subgroups demonstrate significant similarity regarding intraoperative morbidity
and short-term postoperative outcomes for patients undergoing surgery for recurrent lumbar disc
herniation. A statistically significant difference was identified in operative times among the
techniques, with Arthroplasty having the shortest surgical duration and ALIF 360° the longest. The
results suggest that short-term health outcomes are comparable among the three groups. All
techniques demonstrated good results with low morbidity and short hospitalization times post-
procedure, suggesting that the choice of technique should be based on the surgeon's experience and
the patient's condition and preferences. Future studies that include extended follow-up of these
patients may be essential for better determining long-term morbidity.
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