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Morphological Design and Study of a 3D Printed
Integrated Fusion Device Based on CT Measurement
Data Assisted Anterior Lumbosacral Spine
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Xin Wang?; Quanxiang Liu?, Mingyu Qi3 & Jing Xiong?

WANG, X.; LIU, Q.; QI, M. & XIONG, J. Morphological design and study of a 3D printed integrated fusion device based on CT
measurement data assisted anterior lumbosacral $ping. Morphol., 42(3592-697, 2024.

SUMMARY: To measure and study the anatomical morphological data of the lumbar 5 to sacral 1 intervertebral space with the
aid of CT and design an anatomical anterior lumbosacral 3D printed integrated interbody fusion for the treatment of degenerativ
lumbosacral spine diseases. 100 adults (50 of each sex) who underwent CT examination of the lumbar spine in our hospital were
selected, and their lumbar 5 to sacral 1 intervertebral space anatomical data were measured, including the anterior &xitypar conv
angle, different sagittal and coronal heights, and the sagittal and coronal diameters of the superior and inferior dralplatesureéd
data were also statistically analyzed, and morphological design and study of the 3D printed integrated fusion deviceriorthe ant
lumbosacral spine was performed by applying computer software. When comparing the coronal and sagittal diameters of the superio
and inferior endplates from lumbar 5 to sacral 1, the differences were statistically greater in men than in women (P<Qf&terides
were not statistically significant when comparing the anterior convexity angle of the lumbosacral space (P>0.001). Whag tieenpari
height at different positions in the median sagittal plane, both males and females showed an anterior high and postezior. lovihea
coronal plane, both males and females showed the highest height in the middle position (P<0.001), and there was ycgiatfitaatl
difference between the left and the right height (P>0.001). CT can measure the anatomical data of the lumbosacral spiogeg hiatus
accurately. The 3D-printed anterior integrated fusion device of the lumbosacral spine designed according to the analyaia of the
results is more in line with the anatomical structure of the lumbosacral spine, fits well with the superior and inferi@seadgla
effectively restores the height and anterior convexity angle of the lumbosacral space.
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INTRODUCTION

Spinal interbody fusion systems are widely used ithis reason, an intervertebral fusion device that conforms
the field of spinal surgery (Wasinpongwanaéttal, 2022) to the anatomy of the lumbosacral spine in China needs to
with satisfactory results in the treatment of lumbabe designed. To accelerate the rate of intervertebral fusion,
degenerative diseases, while lumbosacral degeneration tiesusual strategy is to optimize the interface morphology
a high incidence and its anatomical specificity as tha&f the fusion device and to promote adhesion of surface
articulation site between the lumbar and sacral spine is lamgaterial (Liet al, 2021). The ALIF procedure has better
(Chunget al, 2021). The traditional intervertebral fusionadvantages for the operation of the lumbosacral spinal
device is poorly matched to the superior and inferigpace, which can effectively expose the lumbosacral spinal
endplates and cannot achieve a complete anatomical §ijpace and solve the inconvenience caused by the
resulting in slow bone growth into it, sinking of theobscuration of the lateral iliac spine of the lumbosacral
endplates, and decreased fusion rate after surgery é¢Phaspinal space (Silvestret al, 2012). 3D printed fusion
al., 2016; Abeet al, 2017; Quillo-Olverat al, 2018). For devices are increasingly valued for their high anatomical
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match, good stability, and fast fusion speed. In this studSggittal measurement index.In the median sagittal plane, six
we measured the anatomical data of the lumbosacral spip@gitions were taken in equal parts, and the height of the gap at
space with the aid of CT and applied computer software §§ferent positions was measured, in order of anterior height, 1/5
design an anterior 3D-printed integrated fusion device th%qg,ition height, 2/5. positi.on height, 3/5 pos.ition height, 4/5 position
conforms to the anatomy of the lumbosacral spine in Chirl2£18ht. and posterior height (Fig. 2, blue line).

MATERIAL AND METHOD Coronal measuremept indexThe height of the gap at the
vertebral body margin was measured in the coronal plane at
the 1/5 position and at the 4/5 position (shown by the red

G | inf tion. One hundred healthy adult
enera’ information. wne hundred heaithy acu 'We in Fig. 2), respectively, as left height, middle height,

volunteers who underwent lumbar spine CT examinatid . .
with no abnormal findings were selected from the Affiliateé'imd right height.
Hospital of Beihua University. There were 50 cases of each
sex, aged within 18-30 years old, with a mean age

25.32t3.17 years for males and 2512495 years for

females. The study was approved by the ethics commitf
of our hospital, and all study procedures were in complian
with medical ethics requirements, and all volunteers we|
contacted to obtain their consent and sign the informg
consent form. -

terior convex angle.The angle made by the sagittal
lameter line of the superior and inferior end plates (Fig. 2).

Research MethodologyThe 128-level spiral CT scan data
of the lumbar spine of 100 volunteers were copied to
DVD-R-4.7GB disk, and then imported into the medics
image analysis software Mimics 21.0, where the interactiy.
MPR function was used to perform planar localization ar]
3D reconstruction. The software's own ruler tool wa
applied to measure the L5 to S1 intervertebral space in tfig. 2. Schematic diagram of the lumbosacral spinal space.
bone window and the 3D reconstruction. The default unit
of length is "mm" and the unit of angle i§"" The Statistical methods.SPSS 26.0 was used for statistical
measurements are accurate to 0.01 mm for length arfd 0.@talysis of the measured data. The obtained data were
for angle. expressed in the form of meastandard deviation (). One-
way ANOVA was performed for the lumbosacral spinal space
Measurement metrics.Sagittal and coronal diameters ofparameters. The sagittal and coronal diameter parameters
the superior and inferior endplates of the lumbosacral spacéthe inferior endplate of L5 and the superior endplate of
the sagittal and coronal diameters of the inferior endplagd were tested by two independent samples t-test. P<0.05
of the L5 vertebral body and the sagittal and coronalas considered a statistically significant difference.
diameters of the superior endplate of the S1 vertebral body
were taken respectively (Fig. 1). RESULTS

For the lumbosacral spinal space, coronal diameter
of the superior and inferior endplates compared with the
sagittal diameter, was greater in males than in females
(P<0.001), as shown in Figure 3. There was no statistically
significant difference in the anterior convexity angle of the
lumbosacral spinal space between males and females, as
shown in Figure 4. When comparing the height of the
lumbosacral space at different positions in the median sagittal
plane, the height decreased gradually in both males and
females from anterior to posterior (P<0.001), with no
statistically significant difference at 2/5 and 3/5, and the
greatest decrease in height at 4/5 and posterior height, as

Fig. 1. Schematic diagram of the coronal and sagittal diameterssfiown in Figure 5. In both males and females, the
the lumbosacral intervertebral space. intervertebral space height was greatest at the mid-height
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(P<0.001) in both the 1st and 2nd coronal planes, and
difference between the left and right heights was n
statistically significant, as shown in Figures 6 and 7.
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Fig. 6. Comparison of intervertebral space heights at different
positions on the 1st coronal plane. LH: Left height, MH: Middle
height, and RH: Right height. M: Male, F: Female.

Fig. 3. Comparison of coronal and sagittal diameters of the superior

and inferior endplates of the lumbosacral spinal space betw
genders. L5 MCD-IE: L5 Median Crown Diameter-Inferic
Endplate, L5 MSD-IE: L5 Median Sagittal Diameter- Inferic
Endplate, S1 MCD-SE: S1 Median Crown Diameter- Super
Endplate, S1 MSD-SE: S1 Median Sagittal Diameter- Supel
Endplate. M: Male, F: Female.
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Fig. 4. Comparison of lumbosacral hiatus
anterior convexity angles between sexes. M:
Male, F: Female.
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Fig. 5. Comparison of intervertebral space heights at differeHi€ N€ight of the two sides lower than the middle height.
locations in the median sagittal plane of the lumbosacral spirff the posterior end of the fusion device, the curvature of
space. DHa: Anterior Disc Height, 1/5 DH: 1/5th Disc Height, 2/$he surface increased significantly, and the overall
DH: 2/5th Disc Height, 3/5 DH: 3/5th Disc Height, 4/5 DH: 4/5thmorphology conformed to the anatomical morphology of
Disc Height and DHp: Posterior Disc Height. M: Male, F: Femalehe lumbosacral spinal space.
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Fig. 7. Comparison of intervertebral space heights at different
locations on the 2nd coronal plane. LH: Left height, MH: Middle
height, and RH: Right height. M: Male, F: Female.

3D printed fusion device design and fabrication.
Statistical analysis was performed based on the measured
anatomical data, and CAD 3D modeling software was used
to construct the plan view and 3D three-dimensional model,
as shown in Figure 8. Figures 8A and 8B showed the
coronal and sagittal views of the fusion device placed in
the lumbosacral spinal space, respectively. Figure 8C
showed the original data of the median sagittal design of
the fusion device. Figures 8D, 8E and 8F showed the three-
dimensional model of the fusion device. The fusion device
as a whole appeared as a wedge-shaped structure with
curved surfaces on the superior and inferior surfaces, and
the morphology was symmetrical from left to right, with
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D E - F

Fig. 8. CAD 3D modeling software to construct the simulation. A, B are the coronal and sagittal planes of the lumbosamaetinter
fusion. C was the raw data of the sagittal design. D, E, F were the 3D reconstruction of the fusion, where D was thE teps/tbw,
lateral view, and F was the anterior view.

DISCUSSION

A proper lumbar fusion not only needs to maintaitrend of gradually decreasing from the anterior to the
the stability of the adjacent vertebrae and restore the heigluisterior side of the intervertebral space, and thus the overall
of the intervertebral space, but the fusion requires a goodlfimbosacral intervertebral space showed an anterior high
to the superior and inferior vertebrae. Compared with othand posterior low pattern. The measurement data showed
segments, the structure of the lumbosacral intervertebthht the height variation was greatest from the 4/5 position
space is more complex and special, so a custom-designedhe posterior height, indicating that the superior and
intervertebral fusion device is necessary. Foreign scholargerior endplates of the intervertebral space showed a
have conducted relevant studies in this regard, but there aomcave ball-and-socket pattern. The sagittal diameter of the
fewer studies in this area in China. Therefore, in this papeyperior and inferior endplates of the lumbosacral
we measured the anatomical data of the L5-S1 interbothtervertebral space compared with the coronal diameter was
fusion region in Chinese adults and performed statisticgteater in both men than in women, which may be related to
analysis and research in order to provide appropriatiee overall stronger stature of men. There was no statistically
assistance for further optimization of the design of 3D printegignificant difference between men and women in terms of
ALIF fusion devices. the anterior convexity index.

Accurate anatomical data is the basis for optimizing In order to ensure the stability of the fusion device,
the design of fusion devices. In this paper, anatomical datee intervertebral fusion device should be placed in the flat
of the lumbosacral spinal space were measured and analyakéthe concave surface of the superior endplate of S1, and
by CT in 100 healthy adults (50 of each sex). The results thfe shape should be as large as possible to avoid the edge of
the study showed that the heights of the symmetrictle fusion device partially protruding from the edge of the
positions on both sides were not significantly different inertebral body to compress the surrounding neurovascular
either coronal plane for both men and women, but they wegiad spinal cord tissues in the spinal canal. There existed a
significantly different from the median height, and theafe range of 29 mm ¥ 30 mm within the lumbar interspace
median height was also the largest on the mean valirethe national population, without vascular nerves and other
Therefore, the height of the median sagittal plane camportant structures traveling, and this area was equivalent
represent the maximum height of the intervertebral spade.between the anterior 1/5 and posterior 1/5 of the lumbar
In the median sagittal plane, the height change showedertebral body. Thomaat al (Loweet al, 2004) conducted
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anin vitro biomechanical experiment on the degree afeducing the possibility of loosening and displacement
pressure resistance of the thoracolumbar spine to investigdtiithiahet al, 2022). However, the manufacturing process
the load strength of the thoracolumbar endplate and th&custom fusion devices is much more complex due to the
optimal location for intervertebral support. After testing, ishape and function of the spine. As a result, the
was found that the stiffness of the central region of thmanufacturing process requires more time, effort and cost
endplate was significantly lower than the epiphyseal ringompared to conventional fusion devices, which of course
at the periphery of the endplate from L1 to S1, and thatso have a better load-bearing surface and a lower risk of
reduced subsidence was achieved when the left and rigltplacement and intervertebral fusion subsidence.
sides of the fusion were covered with strong epiphyseal ringiherefore, it can be expected that the rate of revision surgery
and the stresses were balanced. Polikeial. (2003) will be reduced after clinical application. The measurement
produced L2-3 finite element models to test the strength of anatomical data of the lumbosacral spine and the
various regions of the endplate and came to the samerphological design of the fusion device in this study
conclusion that placement of the interbody fusion device provide the theoretical premise for the development of an
the peripheral strong region of the endplate (i.e., trenterior 3D printed fusion device for the lumbosacral
epiphyseal ring) would produce a stronger bone-implamiterspace, which is worthy of further study.

interface. The design of the fusion device should rely on the

strong peripheral portion of the endplate to reduce the ri$¥ANG, X.; LIU, Q.; Ql, M. & XIONG, J. Disefio morfologico

of subsidence. To restore the original height of the estudio de un dispositivo de fusion integrado impreso en 3D
intervertebral space, the implanted interbody fusion Shodpasagio en datos de medicion de TC asistida de columna lumbosacra
fill the intervertebral space, with the upper and lower surfac88terior.nt. J. Morphol., 42(2592-697, 2024.

of the fusion fitting the Superlor and inferior gndplates of RESUMEN: El objetivo de este trabajo fue medir y estudiar
t[he vertebral body. According to the anatomlcal d{:\ta, trI](?s datos morfoldgicos anatdmicos del espacio intervertebral lumbar
intervertebral space as a whole was anteriorly high agd, sacro 1 con la ayuda de TC y disefiar una fusion intersomatica
posteriorly low, and there was a concave spherical fosg@grada anatémica lumbosacra anterior impresa en 3D para el
pattern, so the fusion device should be a wedge-shapestamiento de enfermedades degenerativas de la columna
structure with convex curves to ensure a good fit with tHembosacra. Se seleccionaron en nuestro hospital 100 adultos (50
contact surfaces of the superior and inferior endplates, whid¢cada sexo) que se sometieron a un examen de TC de la columna
can ensure stability and reduce the occurrence of endpl&‘f@bar yse midieron'los datos anatpmicos del espacio iptervertebral
collapse. As an articulating structure, the anterior convexifymPar 5 al sacro 1, incluyendo el angulo de la convexidad lumbar
of the lumbosacral spinal space accounts for 40 % of the to g}erlor, diferentes alturas sagital y coronal, y los didmetros sagital

lumb teri it | di . tant indicat coronal de las placas terminales superior e inferior. Los datos
umbar anterior convexity angie and Is an important INAICatQle 4o también se analizaron estadisticamente y se realiz6 el disefio

of surgical treatment (Chureg al, 2021). Itis usually assumed mqrfolsgico y el estudio del dispositivo de fusién integrado impreso
that a more anterior fusion results in a greater anterigf 3D en la columna lumbosacra anterior mediante la aplicacion de
convexity angle (Shigat al, 2017; Munet al, 2020). software informatico. Al comparar los diametros coronal y sagital
However, anterior fusion placement without anterior fixatiode las placas terminales superior e inferior desde lumbar 5 hasta
will tend to be placed in a posterior position (Norotte & Barriossacro 1, las diferencias fueron estadisticamente mayores en hombres
2018; Szadkowsleét al, 2020). In addition, the height of thedue en mujeres (P <0,001). Las diferencias no fueron

fusion device and the angle of the convex surface also aﬁgéfadisticamente significativas al comparar el angulo de convexidad

the change of the anterior convexity angle. Therefore, tﬁnﬁterlor del espacio lumbosacro (P>0,001). Al comparar la altura en

iti heiaht d le of the fusion devi dt ﬁﬁjerentes posiciones en el plano mediano, tanto hombres como
position, height, and angie ot the fusion device need 1o jeres maostraron un patrén anterior alto y posterior bajo. En el

considered and custom-designed to ensure the recovery effggino coronal, tanto hombres como mujeres mostraron la altura mas
The size of the intervertebral disc varies by sex, and differefita en la posicion media (P<0,001), y no hubo diferencia

sizes of fusion devices should be designed separately accordisgdisticamente significativa entre las alturas izquierda y derecha

to sex differences. (P>0,001). La TC puede medir los datos anatémicos del hiato espinal
lumbosacro con mayor precision. El dispositivo de fusion anterior

CAD 3D modeling software was used to construdptegrado impreso en 3D de la columna lumbosacra disefiado de

the original data pattern and 3D model of the fusion devic%cuerdo con el andlisis de los resultados de los datos esta mas en
L . . Iifea con la estructura anatémica de la columna lumbosacra, se adapta
and the solid intervertebral fusion device was then prepar r|2eian alas placas terminales superior e inferior y restaura eficazmente

by ,3D prir?ting _technology. The advantage of 3D printe altura y la parte anterior del angulo de convexidad del espacio
fusion devices is that they can not only be custom designgfhosacro.

based on CT measurement data, but also mimic the .
microstructure of natural bone surface. The fusion device ~ PALABRAS CLAVE: Columna lumbosacra; Fusion
with a surface-controlled microstructure is prepared, thijgervertebral; Impresion 3d.

696




WANG, X,; LIU, Q.; QI, M. & XIONG, J. Morphological design and study of a 3D printed integrated fusion device based on CT measurement data assisted antemiat $pinigosa
Int. J. Morphol., 42(3592-697, 2024.

REFERENCES

Abe, K.; Orita, S.; Mannoji, C.; Motegi, H.; Aramomi, M.; Ishikawa, T.; Corresponding author:
Kotani, T.; Akazawa, T.; Morinaga, T.; Fujiyoshi, t;al Perioperative  Quanxiang Liu
complications in 155 patients who underwent oblique lateral imerboq}jepartment of Il Orthopedics

fusion surgery: perspectives and indications from a retrospecti
multicenter surveySpine (Phila Pa 1976), 42(5p-62, 2017.

Chung, N. S.; Jeon, C. H.; Lee, H. D. & Chung, H. W. Factors affectin
disc angle restoration in oblique lateral interbody fusion at L'sfihe
J., 21(12)2019-25, 2021.

Li, S.; Huan, Y.; Zhu, B.; Chen, H.; Tang, M.; Yan, Y.; Wang, C.; Ouyandge-mail: Quanxiangliu123@163.com

Z.; Li, X.; Xue, J.;et al. Research progress on the biological
modifications of implant materials in 3D printed intervertebral fusion
cagesJ. Mater. Sci. Mater. Med., 33(2) 2021.

Lowe, T. G.; Hashim, S.; Wilson, L. A.; O'Brien, M. F.; Smith, D. A. B.;
Diekmann, M. J. & Trommeter, J. A biomechanical study of regional
endplate strength and cage morphology as it relates to structural
interbody supportSpine (Phila Pa 1976), 29(22889-94, 2004.

Mun, H. Y.; Ko, M. J.; Kim, Y. B. & Park, S. W. Usefulness of oblique
lateral interbody fusion at L5-S1 level compared to transforaminal
lumbar interbody fusionl. Korean Neurosurg. Soc., 63(&3-9, 2020.

Muthiah, N.; Yolcu, Y. U.; Alan, N.; Agarwal, N.; Hamilton, D. K. &
Ozpinar, A. Evolution of polyetheretherketone (PEEK) and titanium
interbody devices for spinal procedures: a comprehensive review of
the literatureEur. Spine J., 31(1@547-56, 2022.

Norotte, G. & Barrios, C. Clinical and radiological outcomes after stand-
alone ALIF for single L5-S1 degenerative discopathy using a PEEK
cage filled with hydroxyapatite nanoparticles without bone gtéift.
Neurol. Neurosurg., 1684-9, 2018.

Phan, K.; Maharaj, M.; Assem, Y. & Mobbs, R. J. Review of early clinical
results and complications associated with oblique lumbar interbody
fusion (OLIF).J. Clin. Neurosci., 323-9, 2016.

Polikeit, A.; Ferguson, S. J.; Nolte, L. P. & Orr, T. E. Factors influencing

stresses in the lumbar spine after the insertion of intervertebral cages:

finite element analysi€ur. Spine J., 12(4413-20, 2003.

Quillo-Olvera, J.; Lin, G. X.; Jo, H. J. & Kim, J. S. Complications on
minimally invasive oblique lumbar interbody fusion at L2-L5 levels: a
review of the literature and surgical strategi@an. Transl. Med.,
6(6):101, 2018.

Shiga, Y.; Orita, S.; Inage, K.; Sato, J.; Fujimoto, K.; Kanamoto, H.; Abe,
K.; Kubota, G.; Yamauchi, K.; Eguchi, Yet al Evaluation of the
location of intervertebral cages during oblique lateral interbody fusion
surgery to achieve sagittal correctiSpine Surg. Relat. Res., 1(®7-

202, 2017.

Silvestre, C.; Mac-Thiong, J. M.; Hilmi, R. & Roussouly, P. Complications
and morbidities of mini-open anterior retroperitoneal lumbar interbody
fusion: oblique lumbar interbody fusion in 179 patieAtsian Spine
J., 6(2)89-97, 2012.

Szadkowski, M.; d'Astorg, H.; Bouhali, H.; Aleksic, |.; Ramos-Pascual, S.
& Fiere, V. Outcomes of stand-alone anterior lumbar interbody fusion
of L5-S1 using a novel implant with anterior plate fixati®pine J.,
20(10)1618-28, 2020.

Wasinpongwanich, K.; Nopsopon, T. & Pongpirul, K. Surgical treatments
for lumbar spine diseases (TLIF vs. other surgical techniques): a
systematic review and meta-analy§igont. Surg., 829469, 2022.

V&ffiliated Hospital of Beihua University
ilin 132011

697



