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Introduction

The technique for anterior lumbar interbody fusion (ALIF) 
began in 1930 with Capener [1] and Burns [2]. Initially, this 
surgery was associated with high rates of complications due to the 
transperitoneal approach [3]. However, since 2002, the description 
of the retroperitoneal approach by Brau [4] revolutionized this 
procedure, significantly reducing complication rates and making it 
a safe option for lumbar arthrodesis currently [5].

One of the objectives to be achieved with this technique is the 
restoration of total lumbar lordosis (LL) [5], as it is directly related 
to spinopelvic balance, which is crucial for achieving good surgical 
outcomes [6]. Failure to achieve this balance harmoniously can 
potentially lead to long-term functional disability and pain [6].

With the aim of restoring this balance, coupled with the good 
results obtained by the ALIF technique, many surgeons have 
utilized lordotic anterior cages. No study to date has demonstrated 
the actual gain in segmental lordosis that an anterior lumbar 
cage without pedicular instrumentation can promote. Therefore, 
the objective of the present study is to evaluate the real gain in 
segmental and total lumbar lordosis, respectively, using anterior 
cages via the ALIF technique without posterior instrumentation.

Materials and Methods

This was a longitudinal and retrospective study, conducted 
at a tertiary hospital that is a reference centre for spinal surgery.  

 
The study was approved by the Research Ethics Committee 
(CAAE: 82656124.8.0000.5225). Information was collected from 
electronic medical records and imaging archives (radiographs) of 
patients who underwent spinal surgery using the ALIF technique 
between January 2018 and January 2023. Lateral (P) radiographs 
of patients were analyzed at pre-operative (Pre-OP), first post-
operative day (POD1), and 12 months post-operative (POD12m). 
These radiographs were taken with the patient standing, hands 
crossed anteriorly over the chest, supported on the contralateral 
shoulder, using a 35x43 cm plate. The radiographs encompassed 
the entire lumbar curvature, with L1 as the most proximal vertebra 
and the superior plateau of S1 as the most distal criterion.

The study included patients aged between 18 and 80 years, 
who presented with degenerative spinal diseases and underwent 
surgical treatment using the ALIF technique. Only cases subjected to 
1 level of arthrodesis, performed in a stand-alone manner (without 
posterior supplementation with pedicle screws), and who had a 
minimum radiographic follow-up of 12 months after surgery, were 
selected. Exclusion criteria were patients who required any type of 
revision surgery, those who developed surgical site infection, those 
who experienced cage subsidence, and those who did not have 
adequate radiographs for the evaluation of total lumbar lordosis 
(LL) or segmental lordosis of the operated level. The procedures 
were performed by 06 spine surgeons who are members of the 
Brazilian Spine Society, experienced in the technique, and by 3 
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access surgeons. Neither the orthopedic surgeons nor the access 
surgeons were the same across all surgeries. Radiographic 
evaluations of segmental lumbar lordosis of the operated level (L4-

L5 or L5-S1) and total lordosis (L1-S1) were performed. The COBB 
technique was used for these measurements (Figure 1).

Figure 1:

“The image above demonstrates the measurements performed 
pre- and post-operatively in a patient using a 16° ALIF L5S1 cage. 
A gain of 13.8° in LL (86% relative to the cage angulation) and a 
gain of 12.2° in L5S1 Segmental Lordosis (76% relative to the cage 
angulation) are observed.”

The cages used for the arthrodesis varied between NUVASIVE®, 
Globus®, and Orthofix® brands, according to material availability 
on the day of the procedure. The values found for segmental 
lordosis (LS) and total lordosis (LL) were compared between Pre-
OP, POD1, and POD12m radiographs. These measurements were 
then associated with the lordotic angulation of each cage used.

Statistical analysis was performed using R Software (version 
4.3.2) and Microsoft Excel, in addition to the T-test and ANOVA test 
for hypothesis evaluation. The T-test verifies the hypothesis that the 
mean of the observed variable is statistically different from a given 
reference value. This technique was used to verify if the parameters 
above showed a statistically different variation from zero (positive 
or negative). The ANOVA test represents a global hypothesis, i.e., 
it measures whether at least one of the categories of a certain 
variable has a statistically different mean from the others (p-value 
< 0.05 column). It will be applied when the objective is to compare 
a parameter in relation to sex, for example. For all applied statistical 
tests, a significance level of 5% (p-value = 0.05) was adopted. When 
p-value < 0.05, it can be said that there is statistical evidence that 
the parameter in question showed a gain or loss of lordosis.

Results

For the initial analysis, 165 patients were included. After 
applying the exclusion criteria, 100 patients remained. 33 (20.1%) 
were excluded because they underwent anterior and posterior 
arthrodesis with pedicle screws, 14 (8.5%) due to inadequate 

radiographs, 14 (8.5%) because they underwent arthrodesis at 2 
or more levels, and 4 (2.4%) due to previous surgery (Flowchart 1).

Flowchart 1

“Patient Sampling Flowchart”: Of the 100 eligible patients, 
54 (54%) were female and 46 (46%) were male. Age ranged from 
18 to 79 years, with 65% of the sample being 46 years or older. 
The most addressed level was L5-S1 with a total of 95 patients 
(95%), followed by L4-L5 with 5%. All patients presented with 
degenerative pathology (100%), and of these, only 7 (7%) had 
grade 1 listhesis (Table 1).

A greater use of the NUVASIVE® cage was observed, with a 
total of 71 (71%), followed by the Globus® cage 19 (19%) and 
Orthofix® 10 (10%). There was no statistical difference in the 
brand used regarding the obtained results. The angulation of the 
implant used varied between 8° (5%), 10° (22%), 12° (49%), and 
15° (24%) (Table 1).

(Table 2) presents the variables of segmental and total lordosis 
gain represented as a percentage of gain relative to the cage 
used. The percentage of segmental lordosis gain at 12 months 
(%GSeg12m) represents the percentage gain in angulation relative 
to the cage (real segmental lordosis gain after 12 months). Through 
the T-test, statistical evidence of segmental lordosis gain by 
patients was observed (on average 77.7% of the angulation of the 
cage used).

The percentage of total lordosis gain at 12 months (%GLL12m) 
represents the percentage gain in angulation relative to the cage 
(real total lordosis gain after 12 months). Through the T-test, 
statistical evidence of total lordosis gain by patients was observed 
(on average 91.9% of the angulation of the cage used).
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Table 1: Demographic and Surgical Data.

Variable Category Count (%)

Sex Female 54 (54%)

Male 46 (46%)

Level L5-S1 95 (95%)

L4-L5 5 (5%)

Pathology Degenerative 95 (95%)

Listhesis grade I 5 (5%)

Cage NUVASIVE® 71 (71%)

GLOBUS® 19 (19%)

Orthofix® 10 (10%)

Angulation 8° 5 (5%)

10° 22 (22%)

12° 49 (49%)

15° 24 (24%)

Table 2: Variables of Lordosis Gain.

Variable Mean Standard Deviation P-value Method

%GSeg12m 0.777 0.429 0 T-test

%GLL12m 0.919 0.614 0 T-test

DifSegPOI12m 2.29 2.675 0 T-test

DifLLPOI12m 6.44 6.487 0 T-test

The Difference in segmental lordosis gain between POD1 and 
POD12m (DifSegPOI12m) represents the difference (in degrees) of 
segmental lordosis between POD1 and 12 months post-operative. 
Through the T-test, statistical evidence of segmental lordosis gain 
by patients 12 months after the procedure was observed. As there 
is a positive mean, it is stated that, on average, patients had a gain 
of segmental lordosis (2.29 degrees on average) 12 months after 
POD1.

The difference in total lordosis gain between POD1 and 
POD12m (DifLLPOI12m) represents the difference (in degrees) 
of total lordosis between POD1 and 12 months post-operative. 

Through the T-test, statistical evidence of total lordosis gain by 
patients 12 months after the procedure was observed. As there is 
a positive mean, it is stated that, on average, patients had a gain 
of total lordosis (6.44 degrees on average) 12 months after POD1.

Significant differences were identified between different sexes 
for the parameters “Difference in segmental lordosis gain between 
POD1 and POD12m” and “Difference in total lordosis gain between 
POD1 and POD12m.” It was observed that men exhibit greater gain 
in segmental or total lordosis (on average) 12 months after the 
procedure. For the remaining variables, there was no statistically 
significant difference between men and women (Table 3).

Table 3: Sex vs. Measured Parameters.

Sex Variable N Mean P-value

Female %GSeg12m 54 0.756 0.657

Male %GSeg12m 46 0.795 0.657

Female %GLL12m 54 0.933 0.846

Male %GLL12m 46 0.908 0.846

Female DifSegPOI12m 54 1.391 0.002

Male DifSegPOI12m 46 3.056 0.002

Female DifLLPOI12m 54 4.391 0.003

Male DifLLPOI12m 46 8.185 0.003
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In (Table 4), significant differences can be observed among 
different age groups for the parameter %GLL12m. It is noted that 
younger individuals (29 to 45 years) show a greater percentage 

gain, on average, in total lordosis relative to the cage, 12 months 
after the procedure. For the other variables, there is no statistically 
significant difference between different ages.

Table 4: Age vs. Measured Parameters.

Age Variable N Mean P-value

29-45 years %GSeg12m 35 0.701 0.195

46 or + years %GSeg12m 65 0.818 0.195

29-45 years %GLL12m 35 1.116 0.023

46 or + years %GLL12m 65 0.814 0.023

29-45 years DifSegPOI12m 35 1.829 0.207

46 or + years DifSegPOI12m 65 2.538 0.207

29-45 years DifLLPOI12m 35 7.114 0.448

46 or + years DifLLPOI12m 65 6.077 0.448

Discussion

Currently, the ALIF technique is safe and demonstrates low 
rates of adverse events [7,8]. It allows for extensive resection of the 
degenerated disc, restoring its height and lumbar lordosis [9,10]. To 
achieve spinopelvic balance, surgeons use angled cages according 
to the need for LS and LL gain [11]. Nanni, Vialle, and Brunet [11] 
found an average gain of 5.2° in LS when using 12° angled cages, 
which means 43.3%, and a loss of LL of 3.54° (both measured at 
POD1), but without a new measurement after a longer period. In 
the present study, it was observed that after 12 months of surgery, 
the LS gain was, on average, 77.7% of the angulation of the cage 
used, which signifies an average gain of 9.3° when using a 12° cage. 
The LL gain reached 91.9% of the cage’s angulation. These data 
corroborate the conclusion of the aforementioned authors, who 
suggest that this loss of lumbar curve at POD1 is due to the antalgic 
position the patient presents [12,13].

Huec et al. [14] in 2019 presented a series of compensatory 
mechanisms that can occur after lumbar instrumentation to 
achieve a harmonious balance between the spine and pelvis. They 
also demonstrated that the male and younger population, who have 
more efficient musculature, can adapt better to these changes. In 
the present study, it is possible to verify that the population aged 
between 29 and 45 years had a greater gain in lumbar lordosis after 
12 months than the population aged 46 years or older (p<0.05) 
(Table 4). Regarding sex, a statistically significant difference in gain 
between POD1 and POD12m was observed for the male sex (Table 
3).

With these findings, it is possible to affirm that the ALIF 
technique has the power to effectively restore part of the lumbar 
curve [15,16], being advantageous compared to more traditional 
techniques, such as posterior or transforaminal lumbar interbody 
fusion (PLIF/TLIF) [17]. This is shown by the results of Vialle E et 
al. [18], where there was a loss of segmental lordosis from 11.4° to 
11.06° (p=0.85) after TLIF surgery, whereas in the present study, 
LS had a significant increase with an average gain of 77.7% of 

the angulation of the cage used. Regarding total lumbar lordosis, 
Martinelli et al. [19] found an average loss of -1.6° ± 12.5° (TLIF) and 
a gain of +2.6° ± 12.1° (PLIF), data much inferior when compared 
to the technique in this study (ALIF) where total lumbar lordosis 
corresponded to an average gain of 91.9% of the angulation of the 
cage used. Several factors can be decisive for this difference, such as 
the anterior position of the ALIF cage compared to other techniques 
[20]. Lovecchio et al. [20] reported in their study that 100% of ALIF 
cages are positioned in the anterior part of the disc space compared 
to 75% of TLIF cages. They also emphasize the importance of 
Anterior Longitudinal Ligament (ALL) resection in this technique, 
further facilitating lordosis gain [20-22]. When the study focuses 
on evaluating lordosis gain with PLIF and TLIF cages, the result is 
that they are totally dependent on good surgical technique [20], 
considering the cage position, posterior osteotomies, and effective 
discectomy [23-25].

Observing more recent techniques, such as extreme lateral 
intervertebral fusion (LLIF), also reveals advantages compared to 
ALIF regarding lumbar lordosis gain [17]. This is what Lazzari et 
al. [26]’s study shows, reporting a gain of only 26.6% of LL after 
single-level LLIF. Arnoni et al. [27] found an average gain of 2.55° in 
segmental lordosis for the LLIF technique with 10° cages, meaning 
a gain of only 25%, corroborating other studies in the literature 
[20,28]. It is observed that the same anatomical limitation found 
for PLIF and TLIF techniques applies to LLIF, i.e., dependence on 
ALL release and posterior column osteotomies for relevant lordosis 
gain [20,30]. Thus, the present study provides surgeons with a good 
perspective on the real lordosis gain that a stand-alone ALIF cage 
can provide to their patients, enabling more effective pre-operative 
planning and better post-operative spinopelvic parameter results.

Although the present study provides valuable information about 
the gain in lumbar lordosis with the use of stand-alone ALIF cages, 
some limitations should be considered. Firstly, it is a retrospective 
study, which inherently introduces selection bias and dependence 
on the quality of data recorded in electronic medical records and 
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imaging files. The sample, although reasonable with 100 patients, 
was obtained from a single tertiary reference center, which may 
limit the generalization of the results to other populations or 
surgical practices. Additionally, the variation in the cages used 
(NUVASIVE®, Globus®, and Orthofix®) and the angulations of the 
implants (8°, 10°, 12°, and 15°) may have influenced the results, 
despite no statistically significant differences being found between 
them. Finally, radiographic evaluation was performed at only three 
time points (pre-operative, immediate post-operative, and 12 
months), which may not capture the complete long-term evolution 
of lumbar lordosis. Based on the obtained results, it is important 
to emphasize that the evaluation of lumbar lordosis over a longer 
period (beyond 12 months) would allow verification of the durability 
of the results and identification of possible risk factors for long-term 
lordosis loss. Furthermore, detailed biomechanical analyses could 
investigate the impact of different cage characteristics (material, 
design, angulation) and patient characteristics (pre-operative disc 
height, sacral slope and pelvic tilt, Roussouly spine types [31]) on 
lumbar lordosis gain, further refining the obtained values.

Conclusion

The anterior lumbar cages, via the stand-alone ALIF technique 
at 1 LEVEL, allowed for a real gain in segmental lordosis of 77.7% 
relative to their original angulation and a gain of 91.9% in total 
lordosis relative to the angulation of the cage used.
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