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ABSTRACT
Objective: To evaluate the influence of intersomatic spacers used in ALIF on segmental lordosis and height of the intervertebral foramen. 

Methods: Intersomatic spacers with different heights (17, 18, 20 and 24 mm), length (20, 25 and 30 mm), and angulation (30 and 40 degrees) 
were introduced in segments L4-L5 and L5-S1 of two adult cadavers according to the ALIF technique. The lordosis of the vertebral segment 
and the height of the intervertebral foramina were evaluated before and after placement of the different intersomatic spacers. Results: 
An increase in segmental lordosis was observed with the placement of spacers in relation to the initial values. No statistical difference was 
observed between the different intersomatic spacers. The height of the intervertebral foramen increased with the placement of spacers 
and a statistical difference was observed between the different intersomatic spacers. Conclusion: Segmental lordosis increased with the 
placement of spacers compared to the control group. There was no statistical difference between the different heights and angles of 
the spacers. The height of the intervertebral foramen increased with the introduction of spacers. A statistically significant difference was 
observed with the increase in height and angle of the spacers. Level of Evidence III; Experimental study.

Keywords: Spinal Fusion, Lordosis, Vertebral foramen.

RESUMO
Objetivo: Avaliar a influência dos espaçadores intersomáticos utilizados no ALIF sobre a lordose segmentar e altura do forame interver-

tebral. Métodos: Espaçadores intersomáticos com diferentes alturas (17, 18, 20 e 24 mm), comprimento (20, 25 e 30mm), e angulação 
(30 e 40 graus) foram introduzidos nos segmentos L4-L5 e L5-S1 de dois cadáveres adultos de acordo com a técnica do ALIF. A lordo-
se do segmento vertebral e a altura dos forames intervertebrais foram avaliados antes e após a colocação dos diferentes espaçadores in-
tersomáticos. Resultados: Foi observado aumento da lordose segmentar com a colocação dos espaçadores em relação aos valores ini-
ciais. Não foi observado diferença estatística entre os diferentes espaçadores intersomáticos. A altura do forame intervertebral aumen-
tou com a colocação dos espaçadores e foi observado diferença estatística entre os diferentes espaçadores intersomáticos. Conclusão: 
A lordose segmentar apresentou aumento com a colocação dos espaçadores em relação ao grupo controle. Não se observou diferença estatística 
entre as diferentes alturas e angulações dos espaçadores. A altura do forame intervertebral aumentou com a introdução dos espaçadores. Obser-
vou-se diferença estatística significativa com o aumento da altura e angulação dos espaçadores. Nível de evidência III; Estudo experimental.

Descritores: Fusão Vertebral, Lordose, Forame Vertebral.

RESUMEN
Objetivo: Evaluar la influencia de los espaciadores intersomáticos utilizados en ALIF sobre la lordosis segmentaria y la altura del agujero 

intervertebral. Métodos: Se introdujeron espaciadores intersomáticos con diferentes alturas (17, 18, 20 y 24 mm), ancho (20, 25 y 30 mm) y 
ángulo (30 y 40 grados) en los segmentos L4-L5 y L5-S1 de dos cadáveres adultos. de acuerdo con la técnica del ALIF. Se evaluó la lordosis 
del segmento vertebral y la altura del agujero intervertebral antes y después de la colocación de los diferentes espaciadores intersomáticos. 
Resultados: Foi observado aumento da lordose segmentar com colocação dos espaçadores em relación aos valores iniciados. Não foi 
observado diferença estatística entre os diferentes espaciadores intersomáticos. A altura do forame intervertebral aumengou com colocação 
dos espaciadores e foi observado diferença estatística entre os diferentes espaciadores intersomáticos. Conclusión: La lordosis segmentaria 
presentó un aumento con la colocación de espaciadores en relación al grupo control. Não se observou diferença estatística entre as diferentes 
alturas y angulações dos espaçadores. La altura del agujero intervertebral aumentó con la introducción de espaciadores. Observe las diferencias 
estadísticas significativas con el aumento de altura y el ángulo de los espaciadores. Nivel de Evidencia III; Estudio experimental.

Descriptores: Fusión Vertebral, Lordosis, Foramen Vertebral.
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INTRODUCTION
Anterior lumbar interbody fusion (ALIF) has been performed as 

an alternative for the treatment of a wide range of lumbar spine dise-
ases (trauma, degenerative, infection, tumor, deformity, iatrogenic). 
The indication for ALIF has as its main objectives the stabilization of 
the vertebral segment, restoration of segmental lordosis (SL), and 
indirect decompression of the nervous structures by increasing the 
height of the vertebral foramen.1-3 

Initially, ALIF was performed only with bone grafts, and during 
the evolution of the technique, interbody spacers were introduced.4 
The insufficient reconstruction of the SL with non-angled spacers 
motivated the development of lordotic interbody spacers, which the-
oretically would offer advantages for the restoration of the vertebral 
segment lordosis.3,5,6 However, this theoretical advantage remains 
not well defined.2,3

Indirect decompression of neural structures by increasing the 
height of the vertebral foramen is another feature of ALIF and has 
been reported in clinical and experimental studies. The increase in 
the height of the vertebral foramen has been observed with the use 
of cylindrical and conical spacers.7,8 

At the moment, the interbody spacers used in ALIF have a lor-
dotic angle, which was introduced to enhance the restoration of the 
segment’s lordosis. There is a wide variety of this type of interbody 
spacer available for performing ALIF.9

The study’s development considered the changes in the lordosis 
of the vertebral segment, which is directly related to the maintenance 
or restoration of the sagittal balance of the spine, functional outco-
mes, and the height of the intervertebral foramen induced by the 
introduction of the interbody spacer into the disc space, which leads 
to the indirect decompression of the neural structures.7,9 

The objective of the study was to evaluate and compare the 
changes in the SL of the L4-L5 and L5-S1 segments, and the 
height of the respective intervertebral foramina after the introduc-
tion of anterior interbody spacers with different heights, lengths, 
and angles. 

MATERIAL AND METHODS
The study was approved by the Local Research Ethics Commit-

tee (CAAE: 78956323.7.0000.5440), and carried out at the Anatomy 
Laboratory of the Ribeirão Preto Medical School - USP. Segments of 
the lumbar spine (L4-L5-S1) from two adult cadavers were used. The 
selected vertebral segments for the study did not show macroscopic 
and radiographic changes related to disease or surgical procedure.

Spacers developed for anterior interbody fusion of the lumbar 
spine were used. The spacers were of the SAGA model (Vincula®) 
with different heights (17, 18, 20, and 24 mm), lengths (20, 25, and 
30mm), and angles (30 and 40 degrees). The spacers were identi-
fied by three numbers (for example: 17x20x30). The first number 
indicates the height in millimeters, the second the length in mil-
limeters, and the third the angle in degrees. (Figure 1)

The experimental model simulated the performance of ALIF in 
the L4-L5 and L5-S1 disc spaces with the placement of spacers of 
different dimensions and the measurement of the lumbar segment 
angulation and the height of the intervertebral foramen. (Figure 2)

The measurement of the parameters selected for the study (seg-
mental lordosis and intervertebral foramen height) was performed 
before the removal of the intervertebral disc and preparation of the 
disc space for the placement of the spacers, and after the place-
ment of spacers of different dimensions inside the disc space. The 
values of the vertebral segment angulation and the height of the 
intervertebral foramen before the placement of the spacers were 
considered as the control group.

The spacers were introduced in an increasing manner consider-
ing their height (17,18,20, and 24mm), length (20, 25, and 30 mm), 
and angulation (30 and 40 degrees). The spacers were introduced 
in a standardized manner and their anterior surface was aligned 
with the anterior face of the vertebral bodies of the studied segment.

The height of the intervertebral foramen was determined by its 

direct measurement in the craniocaudal direction. The vertebral 
notch of the pedicle of the superior vertebra and the vertebral notch 
of the pedicle of the inferior vertebra were the anatomical refer-
ences used for measurement. The measurement was carried out 
with a universal caliper from the HTOM brand, model in stainless 
steel 6 inches - 150mm, with a graduation of 0.05mm and certified 
precision.

The angulation of the vertebral segment was measured on lateral 
radiographs of the lumbar spine. The angulation of the vertebral plates 
of the L4-L5 and L5-S1 segments were the anatomical references for 
measuring the angulation of the vertebral segment. (Figure 3)

Figure 1. Interbody spacers used and characteristics of their dimensions. 

Figure 2. Drawing illustrating the angulation of the vertebral segment and the 
height of the intervertebral foramen.

Figure 3. Lateral radiograph of the vertebral segment with the spacer po-
sitioned and the anatomical references for measuring the angulation of the 
vertebral segment.
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The statistical study was conducted using descriptive statistics 
(minimum value, maximum value, mean, and standard deviation of 
the studied groups). The Shapiro-Wilk test was used to assess the 
normality of the samples. The ANOVA, Tukey, and t-Student tests 
were used to compare the results of the vertebral segment angula-
tion and intervertebral foramen height.  The correlation between the 
dimensions of the intersomatic spacer with the segmental lordosis 
and height of the intervertebral foramen was performed using the 
Spearman test. The study established a significance level of 5% 
(p<0.05) for the statistical difference.

It was observed the trend of increased segmental lordosis with 
the increase in height and angulation of the interbody spacers in the 
segments considering all intervertebral spaces (L4-L5 and L5-S1). 
A statistical difference (ANOVA-Tukey -p<0.05) was observed be-
tween all spacer modalities with heights of 18, 20, and 24mm in 
relation to the segmental lordosis of the control group. Although a 
trend of increased segmental lordosis with increased height and 
angulation of the spacers was observed, no statistical difference was 
found. However, the small sample size of the study may interfere 
with this result (Table 1 and Figure 4).

The angulation of the vertebral segment did not show a statistical 
difference with the variation in the length of the intersomatic spacers 
(ANOVA-Tukey test and Student’s t-test- p<0.05) in the different 
subgroups with similar height and angulation. (Figure 5)

The analysis of the individualized segmental angulation for each 
vertebral segment (L4-L5 and L5-S1) with the placement of the in-
terbody spacer is represented in figures 5 and 6. It was observed 
the trend of increasing segmental angulation with the use of spac-
ers with greater height and angulation. The increase in segmental 
lordosis did not occur similarly in the disc spaces and a trend of 
greater angular increase was observed in the L5-S1 disc space. 
(Figure 6 and 7)

A correlation was observed between the height (17,18,20 or 24 
mm) and the angulation (30 and 40 degrees) of the spacer with the 
segmental lordosis. (Spearman – r = 0.9506 and 0.8157 – p< 0.05). 
No correlation was observed between the depth of the spacer used 
in the study and the segmental lordosis.

The height of the intervertebral foramen on both sides of the 
L4-L5 and L5-S1 segments are illustrated in Table 2. The values 
showed symmetry in the specific vertebral segment, and a ten-
dency to increase with the increase in height and angulation of 
the spacer. A correlation was observed between the height of the 
intersomatic spacer (17, 18, 20, and 24 mm) and angulation (30 or 
40 degrees) with the height of the intervertebral foramen (Spear-
man – r=0.9722/0.8680- p<0.05). No correlation was observed 
between the length of the intersomatic spacer and the height of the 
intervertebral foramen.

The height of the intervertebral foramen showed variation from 
normal values (control without intersomatic spacer) in the L4-L5 
and L5-S1 segments, and the height at the L5-S1 level was lower. 
Symmetry of the values (right and left side) of the height of the 
intervertebral foramen was observed in the control group and af-
ter the placement of the intersomatic spacers. The placement of 
intersomatic spacers increased the height of the intervertebral 
foramen compared to the control group (Figure 8 and 9), with a 
statistical difference observed between the different dimensions 
of the spacers. (Table 2)

The height of the vertebral foramina (L4-L5-S1) increased 
with the placement of the spacers and a statistical difference 

Table 1. Segmental lordosis in the L4-L5_S1 segments in the control group and all spacer modalities.

 Control 17x20x30 17x25x30 17x30x30 18x20x30 18x25x30 18x30x30 20x20 x40 20x25x40 20x30x40 24x25x40 24x30x40
Column 1-L4-L5 7.4 16.4 16.8 16.8 17.3 17.2 17.3 17.8 17.8 17.9 18.8 19

Column 1- L5-S1 8.9 21 20.9 21.1 21.2 21.3 21.5 22 22.3 22.6 23.2 24.1

Column 2 L4-L5 9 14.9 15 15.2 16.9 16.7 16.7 19.6 16.7 17.2 21.8 21.8

Column 2- L5-S1 9.2 15.3 15.6 16.4 18.9 19 19.1 17.2 19 20.3 27.2 27.2

Average 8.625 16.9 17.08 17.38 18.58 18.55 18.65 19.15 18.95 19.5 22.75 23.03

DP 0.8261 2.806 2.658 2.575 1.952 2.082 2.156 2.156 2.423 2.456 3.489 3.478

Figure 6. Graph illustrating segmental lordosis in subgroups with similar height 
and angulation and different lengths. 

Figure 4. Graph illustrating the angulation of the vertebral segment with the 
placement of interbody spacers of different dimensions. The asterisk (*) indicates 
a statistical difference compared to the control. (ANOVA-Tukey test-p<0.05).

was observed with all spacer dimensions compared to the 
control group. (ANOVA-Tukey-p<0.05). (Figure 7 and 8). The 
statistical differences between the different types of intersomatic 
spacers in relation to the height of the intervertebral foramen 
are illustrated in table 3, showing the greatest increase in the 
height of the intervertebral foramen with the increase in height 
and angulation of the intersomatic spacer. The length of the 
spacer influenced the height of the vertebral foramen in some 
subgroups. (Figure 10)
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Figure 6. Graph illustrating the angulation of the L4-L5 and L5-S1 vertebral 
segments in the control group and after the placement of the intersomatic 
spacer. The spacers of different dimensions (height x width x angulation) are 
represented on the abscissa.

Figure 7. Graphs illustrating in each specimen the increase in segmental 
lordosis in the L4-L5 and L5-S1 disc spaces after the placement of the in-
terbody spacer.

Figure 8. Individual behavior of the height of the intervertebral foramen of the 
L4-L5 and L5-S1 segment in the control group and after the placement of the 
spacers. The pair of curves (upper and lower) indicate the values of the height 
of the intervertebral foramen on the right and left sides of the L4-L5 and L5-S1 
segments of each lumbar spine studied.

Figure 9. Graph illustrating the height of the intervertebral foramen with the 
different dimensions of the intervertebral spacer. The asterisk (*) indicates the 
statistical difference in relation to the control group. (ANOVA-Tukey- p<0.05)
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DISCUSSION
The lordosis of the vertebral segment and the height of the in-

tervertebral foramen showed changes induced by the dimensions 
of the intervertebral spacer used for ALIF.

The lordotic spacers used in ALIF were developed to enhance 
the restoration of vertebral segmental lordosis. The theoretical 
advantage of using lordotic spacers for this purpose has been 
questioned in clinical reports (3, 10). Lordotic spacers have not 
shown a significant statistical role in the correction of segmental 
lordosis.3,10 Although there are reports of their impact on lumbar 
and segmental lordosis.2,11-13 

The influence of the height and angulation of the spacers on the 
segmental lordosis has been controversial.2,11,13 There are reports 
showing that increasing the angulation of the spacers with the same 
height would not increase the segmental lordosis.2,3 Spacers without 
intrinsic lordosis would present greater correction of segmental lor-
dosis compared to spacers with intrinsic lordosis due to the fulcrum 
effect of rotation. In spacers without intrinsic angulation, the fulcrum 
of rotation would be located more posteriorly and would exert a 
greater effect on segmental lordosis.7,14

The results of our study showed a trend of increased segmental 
lordosis with the increase in height and angulation of the spacers 

Figure 10. Graph illustrating the influence of spacer length on the height of the 
vertebral foramen. The asterisk indicates statistical difference (ANOVA-Tukey 
test and t-Student-p<0.05.

Table 2. Values of the vertebral foramina (right and left) and segmental 
lumbar lordosis (L4-L5 and L5-S1) of the control group and after the 
placement of the vertebral spacers. The numbers referring to the spacers 
indicate from left to right: the height, the length, and the angulation.
Column Spacer Level Foramen L Foramen R Lordosis segment

1 Control L4-L5 11.2 10.95 7.4
1 Control L5-S1 11.2 11.3 8.9
1 17x20x30 L4-L5 12.65 12.5 16.4
1 17x20x30 L5-S1 11.6 11.8 21
1 17x25x30 L4-L5 12.8 12.6 16.8
1 17x25x30 L5-S1 11.7 11.7 20.9
1 17x30x30 L4-L5 12.9 12.6 16.8
1 17x30x30 L5-S1 11.9 11.9 21.1
1 18x20x30 L4-L5 13.3 13.1 17.3
1 18x20x30 L5-S1 12.2 12 21.2
1 18x25x30 L4-L5 13.1 13.6 17.2
1 18x25x30 L5-S1 12.2 12.1 21.3
1 18x30x30 L4-L5 13.4 13.6 17.3
1 18x30x30 L5-S1 12.4 12.1 21.5
1 20x20 x40 L4-L5 13.7 14 17.8
1 20x20 x40 L5-S1 12.8 12.8 22
1 20x25x40 L4-L5 13.7 14.05 17.8
1 20x25x40 L5-S1 12.9 12.8 22.3
1 20x30x40 L4-L5 13.9 14.1 17.9
1 20x30x40 L5-S1 13.1 12.9 22.6
1 24x25x40 L4-L5 14.5 16.7 18.8
1 24x25x40 L5-S1 13.9 13.6 23.2
1 24x30x40 L4-L5 14.7 16.85 19
1 24x30x40 L5-S1 13.8 13.8 24.1
2 Control L4-L5 24.8 25.95 9
2 Control L5-S1 15.2 15.8 9.2
2 17x20x30 L4-L5 26.2 27.05 14.9
2 17x20x30 L5-S1 16.7 17 15.3
2 17x25x30 L4-L5 26.1 27.2 15
2 17x25x30 L5-S1 16.8 17.2 15.6
2 17x30x30 L4-L5 26.4 27.45 15.2
2 17x30x30 L5-S1 17.5 17.55 16.4
2 18x20x30 L4-L5 26.7 27.6 16.9
2 18x20x30 L5-S1 17.6 17.8 18.9
2 18x25x30 L4-L5 26.7 27.7 16.7
2 18x25x30 L5-S1 17.6 17.8 19
2 18x30x30 L4-L5 26.9 28 16.7
2 18x30x30 L5-S1 17.9 17.9 19.1
2 20x20x40 L4-L5 27.2 28.2 16.9
2 20x20x40 L5-S1 18.1 18.2 19.6
2 20x25x40 L4-L5 27.3 28.3 17.2
2 20x25x40 L5-S1 18.4 18.4 20.1
2 20x30x40 L4-L5 27.5 28.5 17.2
2 20x30x40 L5-S1 18.4 18.6 20.3
2 24x25x40 L4-L5 28 28.9 21.8
2 24x25x40 L5-S1 18.8 19.3 27.2
2 24x30x40 L4-L5 28.4 29.5 23.1
2 24x30x40 L5-S1 19 19.95 27.8

Average 17.58 17.99 18.33
DP 5.78 6.16 4.14

Table 3. Representation of the comparison of the height of the intervertebral foramina (L4-L5-S1) between the control group and the different dimensions 
of the spacers. The ANOVA statistical method followed by the Tukey method was used and established p<0.05. NS represents values of p > or = 0.05. 
Asterisks indicate: (*) indicates p-value from 0.01 to 0.05; (**) from 0.001 to 0.01; (***) from 0.0001 to 0.001 <0.0010; and (****) <0.0001.

 17x20/30 17x25/30 17x30/30 18x20/30 18x25/30 18x30/30 20x20 /40 20x25/40 20x30/40 24x25/40 24x30/40
Control ** ** ** ** ** ** *** *** **** *** ***

17x20/30 NS NS NS ** ** ** **** **** **** ** ***
17x25/30 NS NS NS *** ** *** **** **** **** ** ***
17x30/30 NS NS NS * NS NS *** **** **** * **
18x20/30 NS NS NS NS NS NS *** *** *** * **
18x25/30 NS NS NS NS NS NS **** **** **** ** ***
18x30/30 NS NS NS NS NS NS ** *** **** * **
20x20 /40 NS NS NS NS NS NS NS NS ** * *
20x25/40 NS NS NS NS NS NS NS NS * NS *
20x30/40 NS NS NS NS NS NS NS NS NS NS **
24x25/40 NS NS NS NS NS NS NS NS NS NS NS
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compared to the control. The statistical difference between the 
groups in which the spacer was used was not observed, but the 
small sample size available for the study should be considered in 
the interpretation of the results. The greatest correction of segmental 
lordosis was observed in the spacers with greater height and greater 
angulation. However, the study design does not allow the isolated 
influence of the height and angulation of the intervertebral spacer 
on segmental lordosis to be identified. These parameters showed 
correlation with segmental lordosis, and this correlation was not 
observed with the width of the spacer.

 ALIF has shown superior correction of segmental lordosis 
compared to other techniques, and the resection of the anterior 
longitudinal ligament, which must be performed to access the disc, 
has been pointed out as more responsible than the spacer’s own 
angulation.3,9 Additionally, the anterior positioning of the spacer, 
always present in ALIF, and the reason why we kept the spacers at 
the anterior edge of the vertebral body during the experiments, also 
contributes to segmental lordosis.3,7

The definition and limits of the intervertebral foramen pres-
ent controversies despite numerous clinical and experimental 
reports.9,15 The stenosis of the vertebral canal and intervertebral 
foramen that occurs in degenerative diseases of the spine is the 
result of the reduction in the height of the intervertebral disc as-
sociated with changes in the articular facets, bulging of the yellow 
ligament, articular capsule, and protrusion of the intervertebral 
disc.9,15 These changes alter the shape and dimensions of the 
intervertebral foramen with consequent compression of the nerve 
roots contained within it.15-17 

The ALIF, in addition to stabilizing the vertebral segment, allows 
for indirect decompression of neural structures by restoring disc 
space height.7,9 Reports indicate that ALIF is superior to TLIF in 
restoring intervertebral space height and indirect decompression of 
the intervertebral foramen.9 Indirect decompression of neural struc-
tures has been evidenced in clinical and experimental studies.17-21

With the exception of elderly patients with a high degree of bone 
compression or loss of disc space height due to subsidence, indirect 
decompression has allowed decompression of the nerve structures 
within the intervertebral foramen.7,8 Vertebral segments with greater 
intrinsic flexibility have shown greater correction of the dimensions 
of the intervertebral foramen through indirect decompression.17 In 
a study using cadavers, it was observed that the restoration of disc 
space height would only be able to increase the height of the in-
tervertebral foramen. The width of the intervertebral foramen would 
be related to the diameter of the vertebral canal and the length of 
the pedicles. Restoring only the height of the intervertebral foramen 
would not be sufficient to decompress the neural structures.15

The results of our study showed the influence of the height and 

angulation of the spacer on the increase in the height of the inter-
vertebral foramen, indicating the potential of indirect decompression 
with the increase in the height and angulation of the spacer. The 
study evidenced the trend of increasing the height of the interver-
tebral foramen with the increase in height and angulation of the 
intersomatic spacer.

The study presents deficiencies related to the sample size, re-
flecting the difficulty of obtaining cadaver spine segments in our 
environment. The small sample hinders the statistical study and 
the evaluated parameters cannot be analyzed in isolated levels of 
the lumbar spine. The analysis carried out on the difference in cor-
rection between the L4-L5 and L5-S1 levels highlights this difficulty. 
Despite the small sample, the experiment was conducted in a way to 
eliminate the variables involved in performing the ALIF with spacers, 
making its execution homogeneous.

The width and length of the intersomatic spacers are important 
to increase the contact surface and stability of the ALIF.9 In our 
study, the length of the spacer did not influence the angulation of 
the vertebral segment, and differences were observed regarding the 
height of the vertebral foramen.

The restoration of the angulation of the vertebral segment and the 
indirect decompression of the intervertebral foramen is multifactorial, 
and the dimensions and designs of the spacers belong to the constella-
tion of factors involved in the performance of ALIF.22,23 The presented 
results, although derived from an experimental study, provide support 
for the clinical application of ALIF for the restoration of the angulation 
of the vertebral segment and the height of the vertebral foramen.

CONCLUSION
The use of angled intervertebral spacers in the ALIF technique 

allowed for an increase in the angulation of the vertebral segment 
compared to the control group, and a trend towards increased 
correction with greater height and angulation of the spacer. How-
ever, no statistical difference was observed between spacers with 
different dimensions. 

The height of the intervertebral foramen showed a statistical dif-
ference compared to the control, highlighting the influence of the in-
creased height and angulation of the interbody spacer on the indirect 
decompression of the vertebral foramen. A statistical difference was 
observed with the increase in height and angulation of the spacer on 
the increase in height of the intervertebral foramen. The length of the 
spacer showed a statistical difference in some subgroups.

All authors declare no potential conflict of interest related to 
this article.
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