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Objective. To analyze the immediate and long-term results of surgical treatment of recurrent single-level herniated L5–S1 intervertebral 

disc using the methods of total removal of the affected disc through anterior approach with spondylodesis (ALIF) and discectomy from 

the posterior approach with transforaminal spondylodesis (TLIF).

Material and Methods. A total of 180 patients (ALIF group – 87, TLIF group – 93) were operated on for recurrent single-level lumbosa-

cral L5–S1 intervertebral disc disease. The average time to recurrence was 3 years ± 5 months.

Results. The average duration of surgery for ALIF was 92±14 min, for TLIF – 120 ± 18 min (p < 0.05). Сomparison of preoperative and postop-

erative VAS scores showed that pain syndrome reliably regressed almost completely in patients of the ALIF group. In the TLIF group (n = 93), 

pain syndrome also regressed, but to a lesser extent. Functional assessment according to ODI revealed positive dynamics after surgery in all pa-

tients. Despite the positive dynamics in both groups, the difference in the degree of improvement was statistically significant in favor of ALIF 

(p < 0.05). In accordance with the modified MacNab scale, the overwhelming majority of patients in the ALIF group rated the outcome as ex-

cellent, while in the TLIF group – as good. In the ALIF and TLIF groups, a comparable high percentage of a complete bone block formation was 

recorded. Insufficient fusion was recorded in four patients. Better restoration of lumbar lordosis was noted in the ALIF group. The average in-

crease in the lordosis angle in the ALIF group was 11.5° ± 2.1°, in the TLIF group – 3.9° ± 0.8° (p < 0.01).

Conclusion. ALIF and TLIF are effective methods of surgical treatment for recurrent single-level L5–S1 intervertebral disc disease. De-

spite the technical complexity and certain limitations of the anterior approach, ALIF can be considered as a preferred surgical approach 

for recurrent L5–S1 disc herniation, especially in patients with sagittal profile abnormalities, severe pain, and the need to restore the height 

of the intervertebral space.
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Recurrence of intervertebral disc herni-
ation of the lumbar spine remains one 
of the problems in spinal neurosurgery, 
occurring, according to various data  
[1, 2], in 5–15% of cases. Repeated inter-
ventions are traditionally carried out 
through a posterior approach, however, 
technical difficulties caused by cicatricial 
adhesive changes, an increased risk of 
damage to the dura mater and possible 
damage to spinal roots, often become 
the cause of unsatisfactory outcomes 
[3]. In this context, there is a growing 
interest in alternative methods – anterior 
and lateral approaches (ALIF, OLIF, 
LLIF), which provide a safe and effective 
pathway for revision intervention with 
the ability to minimize interaction with 
scar tissue and, as a consequence, reduce 
trauma to neural structures [4]. 

To date, classic methods of surgical 
treatment include posterior interbody 
spinal fusions, such as PLIF (Posterior 
Lumbar Interbody Fusion) and TLIF 
(Transforaminal Lumbar Interbody 
Fusion). These methods allow directly 
eliminating compression of the neu-
ral structures of the spinal canal and 
stabilizing the affected segment using 
interbody cages and posterior fixation 
[5, 6]. However, during repeated inter-
ventions, such approaches demonstrate 
limited effectiveness and are fraught 
with a number of difficulties. Cicatricial 
adhesive changes in the spinal canal 
significantly complicate access to the 
disc, increase the risk of damage to the 
dura mater and roots, and also contrib-
ute to the development of postopera-
tive complications, the most common 

of which is recurrent pain [7, 8]. Fur-
thermore, in a number of reviews it is 
emphasized that with PLIF and TLIF it 
is more difficult to achieve adequate 
restoration of lumbar lordosis, espe-
cially in patients with a pronounced 
decrease in the interbody space [9, 10]. 
This prompts researchers and clinicians 
to search for less invasive and more 
anatomically grounded approaches.

The objective of the study was 
analysis of immediate and long-term 
results of surgical treatment of recur-
rent single-level intervertebral disc her-
niation of L5–S1 vertebrae by methods 
of total removal of the affected disc via 
anterior approach with spinal fusion 
(ALIF) and discectomy via posterior 
approach with transforaminal fusion 
(TLIF).
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Material and Methods

The study was conducted at the clini-
cal base of the N.N. Burdenko Main Mil-
itary Clinical Hospital (Moscow). The 
study was approved by the local ethics 
committee of the N.N. Burdenko Main 
Military Clinical Hospital (protocol No. 
297 dated September 04, 2025). All 
study participants voluntarily signed the 
informed consent form for inclusion 
in the study. Study design: comparison 
of two groups in a retrospective-
prospective cohort material collection.

The study included 180 patients oper-
ated on for recurrent single-level inter-
vertebral disc lesion of the lumbosacral 
spine at L5–S1 level. All patients had pre-
viously undergone microdiscectomy of 
the L5–S1 vertebrae, and subsequently 
developed a recurrence of the hernia-
tion, which required an interbody spinal 
fusion. The average time of recurrence 
onset was 3 years ± 5 months.

Inclusion criteria:
• history of microdiscectomy at the 

L5–S1 level;
• recurrence of intervertebral disc her-

niation at the L5–S1 level confirmed by 
instrumental examination methods;

• ineffectiveness of conservative ther-
apy for 8–12 weeks;

• performance of spinal fusion using 
ALIF or TLIF method; and

• availability of a complete set of pre- 
and postoperative clinical and instru-
mental data.

Preoperative assessment. All patients 
underwent preoperative imaging of the 
lumbar spine (MRI, CT, functional radi-
ography). Preoperative analysis of the 
sagittal balance was carried out, includ-
ing spinopelvic parameters, for the pur-
pose of optimal selection of the inter-
body implant.

Surgical technique. As interbody 
implants, a lumbar interbody cage was 
used in the ALIF group. Characteristics: 
inclination angle of 10–12–15°, length 
of 26 millimeters, height of 10, 12, 14, 16 
mm (height and inclination angle of the 
implant were selected individually taking 
into account preoperative radiography). 
In the TLIF group, a lumbar interbody 
cage was used. Characteristics: inclina-

tion angle of 4°, length of 22 mm, height 
of 8, 10, 12, 14 mm.

During each intervention, the cages 
were filled with a synthetic bone tis-
sue substitute based on a mixture of 
60% hydroxyapatite and 40% tricalcium 
phosphate.

Postoperative assessment. Clinical 
efficacy was assessed using standardized 
scales: Visual Analogue Scale, Oswestry 
Disability Index, modified MacNab scale.

Radiological assessment of spinal 
fusion was performed according to CT 
data using the Brantigan and Steffee 
classification [11], based on key anatom-
ical criteria [12]. Grades 1 and 2 were 
interpreted as absence of fusion, grades 
3–5 as its presence, consolidation. Ana-
lysis of images and assignment to one 
or another category were performed by 
2 independent researchers using the visu-
al assessment.

Analysis of key spinopelvic parame-
ters was conducted according to radi-
ography data in the patient’s standing 
position. Pelvic indicators were evalu-
ated: Sacral Slope (SS), Pelvic Tilt (PT) 
and Pelvic Incidence (PI), as well as the 
magnitude of total Lumbar Lordosis  
(L1–S1, LL). Measurements were per-
formed in accordance with generally 
accepted methods described in current 
literature [13–15].

Results

Evaluation of pain syndrome (VAS)
Analysis of the dynamics of the pain syn-
drome showed its significant decrease after 
surgical intervention in both samples. In 
the ALIF group (n = 87), when comparing 
the average preoperative and postoperative 
VAS scores, the pain syndrome significantly 
completely regressed. In the TLIF group 
(n = 93), when comparing the average 
preoperative and postoperative VAS 
scores, the pain syndrome significantly 
regressed, but to a lesser extent (Table 1). 
Thus, the degree of pain reduction after 
ALIF was significantly higher compared 
to TLIF (p < 0.01), especially regarding 
pain in the lumbar region. Both methods 
effectively eliminated radiculopathy, but 
ALIF provided a more pronounced reduc-
tion in axial back pain.

Functional outcomes (ODI)
Functional assessment of disability 

according to the ODI (Oswestry Disabil-
ity Index) revealed positive dynamics 
in all patients after surgery. In the ALIF 
group, the preoperative ODI value cor-
responded to a severe impairment of 
daily activity. After surgery, the indica-
tor decreased, demonstrating a restora-
tion of work capacity and a high level 
of quality of life. In the TLIF group, the 
initial ODI level was similar to the ALIF 
patient group, but in the postoperative 
period it decreased less significantly than 
in the ALIF group (Table 1). Despite posi-
tive dynamics in both groups, the differ-
ence in the degree of improvement was 
statistically significant in favor of ALIF 
(p < 0.05).

Subjective assessment of outcomes 
(MacNab scale)

Subjective assessment of the effective-
ness of surgical treatment according to 
the modified MacNab scale showed the 
following: in the ALIF group, the over-
whelming majority of patients evaluat-
ed the outcome as excellent. In the TLIF 
group, survey data indicate a positive 
effect, however less dynamic than in the 
ALIF group. The larger part of the patient 
cohort evaluated the outcome as good 
(Table 2).

Radiological parameters and quality 
of spinal fusion

For an objective assessment of the 
effectiveness of ALIF and TLIF methods, 
a comprehensive analysis of radiolog-
ical data was performed, including an 
assessment of consolidation in the spinal 
fusion zone and measurement of key spi-
nopelvic parameters.

The quality of spinal fusion, assessed 
according to CT data using the Brantigan 
and Steffee classification [11] 12 months 
after surgery, demonstrated a high fre-
quency of bone block formation in both 
groups. However, in the ALIF group, a 
significantly higher percentage of suc-
cessful consolidation was registered com-
pared to the TLIF group (96.6% vs. 89.2%; 
p < 0.05; Table 3).

Analysis of the spinopelvic balance 
revealed statistically significant differ-
ences between the groups in the ability 
to restore sagittal parameters. In the ALIF 
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group, a significantly better restoration 
of lumbar lordosis was noted, due to the 
use of large implants with an anatomi-
cally preset angle (10–12°). The average 
increase in the angle (LL, L1–S1) in the 
ALIF group was 11.5° ± 2.1°, which signif-
icantly exceeded the analogous indicator 
in the TLIF group (3.9° ± 0.8°; p < 0.01).

As Table 4 demonstrates, more pro-
nounced correction in the ALIF group 
also led to a significant improvement in 
pelvic parameters. A significant increase 
in SS and a decrease in PT was observed, 
which indicates a retroversion of the pel-
vis and a decrease in the compensatory 
tension of the muscles to maintain a ver-
tical posture.

Thus, ALIF method demonstrated not 
only a higher percentage of successful 
bone block formation, but also signifi-
cant advantages in the correction and 
restoration of physiological spinopelvic 
relationships, which is a key factor for a 
long-term favorable functional outcome.

Intra- and postoperative parameters
A comparative analysis of intra- and 

postoperative parameters showed sta-
tistically significant differences between 
the ALIF and TLIF groups. The average 
duration of surgical intervention when 
performing ALIF was 92 ± 14 minutes, 
whereas for TLIF – 120 ± 18 minutes (p 
< 0.05), which indicates a faster techni-

cal pace with the anterior approach. The 
volume of intraoperative blood loss also 
turned out to be significantly lower in the 
ALIF group (180 ± 40 milliliters) com-
pared to TLIF (290 ± 60 mL; p < 0.01). 
Furthermore, in patients operated on by 
the ALIF method, a shorter duration of 
hospitalization was recorded — on aver-
age 5.4 ± 1.2 days vs. 7.1 ± 1.5 days in the 
TLIF group (p < 0.05).

Complications
Postoperative complications were 

recorded in 4 (5.7%) cases (Table 5).

Discussion

One of the most noticeable trends of 
the last decade in revision surgery of 
the lumbar spine is the active intro-
duction of minimally invasive ante-
rior (ALIF), anterolateral (OLIF) and 
lateral (LLIF, XLIF) approaches, which 
can be considered as an alternative to 
classic posterior approaches [4, 16, 17]. 
However, there is a natural anatomical 
barrier when using OLIF and LLIF at 
the L5–S1 level — the crest of the 
ilium, which limits the possibilities 
of manipulating instrumentation and 
does not allow setting an adequate 
angle of approach to the zone of 
interest [18, 19]. In connection with 
this, it is specifically ALIF that remains Ta
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Comparative assessment of the effectiveness of surgical treatment in the studied groups according 

to the MacNab scale, %

Group Outcome

excellent good satisfactory

ALIF 87.9 12.1 0.0

TLIF 8.1 64.9 27.0

Table 3 

Indicators of bone block formation in the studied groups after 12 months, %

Group Consolidation  

(grades 3–5 according to Brantigan 

and Steffee)

Absence of fusion  

(grades 1–2 according to Brantigan 

and Steffee)

ALIF (n = 87) 96.6 (n = 84) 3.4 (n = 3)

TLIF (n = 93) 89.2 (n = 83) 10.8 (n = 10)
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the most preferred access option at the 
the L5–S1 level [20, 21]. 

When choosing surgical tactics, it is 
necessary to clearly distinguish indica-
tions and limitations to performing ALIF 
in recurrent intervertebral disc hernia-
tions. This choice must be strictly indi-
vidualized taking into account the anato-
mo-functional state of the spine and the 
previous surgical intervention [21–23]. 
Among the main indications for ALIF 
in revision surgery are severe degenera-
tion with loss of disc height (<6–8 mL), 
disruption of lumbar lordosis (LL <40°), 
the need to restore the sagittal balance  
(PI–LL mismatch >10 °), as well as the 
impossibility of posterior access due to 
the cicatricial adhesive process [1, 6]. 

Additionally, ALIF can be indicated 
for patients with instability after TLIF or 
PLIF [21, 24]. One of the justified indica-
tions for the anterior approach remains 
repeated interventions after unsuccess-
ful posterior operations [25, 26]. ALIF 
showed the best results in patients with 
two or more previous interventions: low-
er complication rate, better tolerability, 
and clinical effect [27]. 

Nevertheless, ALIF has limitations. The 
method is contraindicated in inflamma-
tory changes of the vertebral bodies (for 
example, osteomyelitis) due to the high 
risk of implant infection and the impos-
sibility of bone block formation [28].  
Moreover, ALIF is not recommended in 
grade II–III spondylolisthesis [22, 25] 
and anatomical vascular features, such as 
bifurcation of the aorta at L5 level, pro-
nounced calcification, or deviation of the 
vessels [29]. Preoperative assessment of 
these risks is conducted using CT angi-
ography, MR I, and 3D modeling [27, 30]. 

Pronounced adhesions in the abdomi-
nal cavity are encountered in 8–12% of 
patients with previous abdominal inter-
ventions and complicate the mobiliza-
tion of vessels [9]. Intraoperative navi-
gation and three-dimensional planning 
reduce these risks [30, 31]. 

From an anatomo-functional point 
of view, ALIF allows avoiding repeated 
contact with neural structures, which 
is especially important in cases of pro-
nounced scarring after previous interven-
tions. Direct visualization of the disc and 
the installation of large implants ensure 

stability and the formation of a reliable 
interbody block [17, 20, 21].

Rao et al. [19] report that the implant 
area in ALIF reaches 350–450 mm2 vs. 
120–180 mm2 in TLIF, which improves 
stability. In the study by Moses et al. [21], 
a restoration of lordosis by 13.5° was not-
ed with ALIF vs. 6.1° with TLIF.

According to the meta-analysis [18], 
ALIF demonstrates better clinical results 
in revision surgery: blood loss — 145 mL 
vs. 280 mL in TLIF, operation duration — 
98 vs. 125 min, ODI decrease by 45% vs. 
31%, frequency of repeated interven-
tions — 3.8% vs. 9.2%.

Thus, despite the wide availability of 
posterior approaches, in recurrent her-
niations they do not always provide opti-
mal conditions. ALIF remains an effective 
alternative with less traumatization, bet-
ter deformity correction, and functional 
restoration, provided the surgeon is high-
ly qualified and there is detailed preop-
erative preparation.

Conclusion

ALIF and TLIF demonstrated high clini-
cal efficacy in the treatment of recurrent 
single-level intervertebral disc lesion of 
the L5–S1 vertebrae and can be success-
fully applied depending on the specific 
clinical situation.

ALIF showed statistically significant 
advantages in the restoration of sagittal 
balance, which is confirmed by instru-
mental data: the average increase in lum-
bar lordosis angle was 11.5° ± 2.1° vs. 3.9° 
± 0.8° in the TLIF group (p <0.01). Radio-

Table 4

Dynamics of spinopelvic parameters in the studied groups after surgical intervention

Parameter ALIF (n = 87) TLIF (n = 93) p-value (intergroup)

Angle of pelvic sagittal plane, degrees 55.2 ± 4.1 54.8 ± 3.9 >0.05

Preoperative pelvic tilt, degrees 25.8 ± 3.5 24.9 ± 4.1 >0.05

Postoperative pelvic tilt, degrees    19.1 ± 2.8*   23.5 ± 3.2* <0.01

Preoperative sacral slope, degrees 30.5 ± 3.8  31.2 ± 4.0 >0.05

Postoperative sacral slope, degrees    37.8 ± 3.1*    32.4 ± 3.5* <0.01

Preoperative lumbar lordosis, degrees 38.5 ± 5.2  39.1 ± 5.5 >0.05

Postoperative lumbar lordosis, degrees    50.0 ± 4.1*    43.0 ± 4.8* <0.01

Increase in lumbar lordosis, degrees 11.5 ± 2.1    3.9 ± 0.8 <0.01

* Statistically significant changes within the group (p < 0.01) compared with the preoperative value.

Table 5 

Postoperative complications in patients of the studied groups, n (%)

Type of complication ALIF (n = 87) TLIF (n = 93)

Overall frequency 1 (3.0) 3 (8.1)

Damage to the lymphatic vessel 1 (3.0) 0 (0.0)

Radicular pain syndrome 0 (0.0) 2 (5.4)

Seroma 0 (0.0) 1 (2.7)
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logical assessment also revealed a high-
er percentage of successful bone block 
formation with ALIF (96.6% vs. 89.2%; 
p <0.05). In the clinical outcomes of 
patients, the ALIF group demonstrated 

a more pronounced reduction of pain 
syndrome according to the VAS and a 
better functional restoration according 
to the ODI.

At the same time, TLIF remains a 
reliable alternative, especially valuable 
in contraindications to the anterior 
approach.
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