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Abstract
● AIM: To investigate the biomechanical properties and 
practical application of absorbable materials in orbital 
fracture repair. 
● METHODS: The three-dimensional (3D) model of orbital 
blowout fractures was reconstructed using Mimics21.0 
software. The repair guide plate model for inferior orbital 
wall fracture was designed using 3-matic13.0 and 
Geomagic wrap 21.0 software. The finite element model 
of orbital blowout fracture and absorbable repair plate was 
established using 3-matic13.0 and ANSYS Workbench 
21.0 software. The mechanical response of absorbable 
plates, with thicknesses of 0.6 and 1.2 mm, was modeled 
after their placement in the orbit. Two patients with inferior 
orbital wall fractures volunteered to receive single-layer and 
double-layer absorbable plates combined with 3D printing 
technology to facilitate surgical treatment of orbital wall 
fractures.
● RESULTS: The finite element models of orbital blowout 
fracture and absorbable plate were successfully established. 
Finite element analysis (FEA) showed that when the Young’s 

modulus of the absorbable plate decreases to 3.15 MPa, the 
repair material with a thickness of 0.6 mm was influenced 
by the gravitational forces of the orbital contents, resulting 
in a maximum total deformation of approximately 3.3 mm. 
Conversely, when the absorbable plate was 1.2 mm thick, 
the overall maximum total deformation was around 
0.4 mm. The half-year follow-up results of the clinical cases 
confirmed that the absorbable plate with a thickness of 1.2 mm 
had smaller maximum total deformation and better clinical 
efficacy.
● CONCLUSION: The biomechanical analysis observations 
in this study are largely consistent with the clinical situation. 
The use of double-layer absorbable plates in conjunction 
with 3D printing technology is recommended to support 
surgical treatment of infraorbital wall blowout fractures.
● KEYWORDS: orbital blowout fracture; absorbable 
material; finite element analysis; 3D printing technology
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INTRODUCTION

O rbital blowout fractures can result in symptoms such as 
enophthalmos, diplopia, eye movement disorders, and 

numbness in the infraorbital region, significantly impacting the 
visual function and aesthetic appearance of patients[1]. If these 
symptoms do not improve with conservative treatment, surgery 
becomes the primary approach for intervention. Several factors 
influence the therapeutic outcomes of orbital fracture surgery, 
including the timing of surgery, surgical approach, choice of 
repair materials, and the surgeon’s experience. In recent years, 
advancements in three-dimensional (3D) printing technology 
have led to increased precision and personalization in orbital 
fracture repair surgery[2]. With the aid of digital medical 
imaging technology, researchers can utilize the 3D morphology 
of the patient’s unaffected orbit to simulate and reconstruct the 
3D structure of the injured orbital bone wall following repair. A 
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surgical guide for precise shaping of the repair material can be 
designed based on the 3D structural model of the reconstructed 
orbit. The anatomical repair of the fractured defect area can 
be achieved during the surgery using the assistance of the 
3D-printed orbital model and surgical guide[3].
Orbital fracture surgery assisted by 3D printing technology can 
enhance surgical success rates and decrease complication rates. 
However, it is ineffective against associated complications, 
such as implant rejection or infection resulting from the 
restorative material[4]. Common orbital fracture repair materials 
include hydroxyapatite bone plates, high-density porous 
polyethylene (Medpor), titanium mesh, Medpor titanium 
mesh (Medpor-Titan), and absorbable materials. Absorbable 
materials are primarily utilized for repairing orbital blowout 
fractures in children due to their ability to degrade and be 
absorbed in the body, resulting in fewer complications related 
to implant materials compared to other repair materials. 
Absorbable materials are also a viable choice for orbital 
blowout fractures in adults. The key concern is whether the 
absorbable material can offer sufficient support for repairing 
the defect in the orbital wall[5].
Recently, researchers have investigated the mechanism of 
orbital fractures using finite element biomechanical analysis 
techniques and validated their findings through experimental 
studies[6]. Owing to its exceptional simulation capabilities, this 
technology has been utilized and analyzed in investigating 
mechanical issues across various areas of orbital diseases. 
Nevertheless, there is limited research on the biomechanical 
analysis of absorbable materials in orbital blowout fractures. 
This study aims to employ finite element biomechanical 
analysis technology to investigate the mechanical impact 
of absorbable materials in the repair of orbital wall defects, 
thereby offering valuable insights for clinical practice.
SUBJECTS AND METHODS 
Ethical Approval  The study complied with the Helsinki 
Declaration and was approved by the Medical Ethics 
Committee of the Affiliated Eye Hospital of Nanchang 
University (Protocol No.YLP20220501). All patients signed 
the informed consent form for the study.
Equipment and Software  The equipment and software used 
in this study included a 64-slice spiral computed tomography 
(CT) machine (SIEMENS, Germany), LAPTOP-BHLLMTH1 
(Lenovo, China), Form2 printer (KONICA MINOLTA, Japan), 
absorbable plate poly-L/DL-lactide trimethylene carbonate (PLT; 
Inion Oy, Finland), Mimics21.0 software (Materialise Company, 
Belgium), 3-matic13.0 software (Materialise Company, Belgium), 
Geomagic wrap 21.0 (Geomagic Company, USA), and ANSYS 
Workbench 21.0 software (ANSYS Company, USA).
Establishment of 3D Models  A volunteer with orbital 
blowout fracture in the left eye resulting from a boxing injury 

underwent orbital CT scan with a slice thickness of 0.6 mm. 
The acquired medical digital image and communication 
(Digital Imaging and Communications in Medicine, DICOM) 
file data were burned to a compact disc. The Mimics21.0 
software was used to select the threshold range for bone as a 
mask, allowing segmentation of the imported DICOM data 
from the compact disc on a laptop. Manual delineation of the 
normal bony structure of the inferior and inner orbital walls 
was performed. The mask data was processed to generate 
a 3D model of the orbital fracture, which was saved in the 
stereolithography (STL) file format. The STL data was 
imported into 3-matic13.0 software, and the model underwent 
wrapping, reduction, and smoothing optimization operations. 
Furthermore, the three-point method was employed to establish 
a sagittal center plane. The model was mirrored based on this 
plane to create a mirrored model. A Boolean union operation 
was performed on the two models to create a new model, 
which was then saved in STL format. The newly generated 
STL data file was imported into the reverse engineering 
software Geomagic wrap 21.0. The “curve cutting” command 
was utilized to create a curved surface along the edge of the 
fracture area, and the “shell” command was employed to 
generate a guide plate for repairing the bone wall defect. The 
resulting guide plate was saved in STL format. To analyze 
the biomechanics of absorbable plates with two different 
thicknesses in orbital blowout fractures, two guide plate 
models with thicknesses of 0.6 and 1.2 mm were created.
Finite Element Model Establishment  The STL file of the 
guide plate was imported into the 3-matic13.0 software. 
The “2D Linear Pattern” and “2D to 3D Linear Pattern” 
commands in the texture module were utilized to create a hole 
texture on the guide plate, similar to the absorbable plate. 
The 3D model of the orbital fracture and the guide plate were 
meshed to generate a tetrahedral 10-node unit solid model, 
which was then saved in CDB format. The CDB file was 
imported into the static structure analysis module of ANSYS 
Workbench 21.0 software through the external module. Bone 
tissue and absorbable material were assumed to be isotropic, 
homogeneous, linear elastic materials. The material properties 
of the orbital bone and absorbable plates were assigned based 
on literature reports[7].
Boundary Condition Setting  The contact relationship 
between the absorbable plate and the edge of the defect area 
was set as bonded. The suborbital axial section was set as a 
fixed plane. To simulate the support force of the absorbable 
plate on the orbital content, a 0.3N load in the direction of 
gravity was applied to the absorbable plate. The contact surface 
between the absorbable plate and the orbital content served as 
the acting surface. The extent and scope of Young’s modulus 
reduction in absorbable materials during the degradation 
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process are elucidated based on relevant research reports[8-9], In 
this study, the 10-fold gradient decay of the Young’s modulus 
of the material was simulated after shaping the absorbable 
plate, considering the degradation and absorption process in the 
implanted body. The equivalent Von-Mises stress, equivalent 
elastic strain, and peak total deformation of the material were 
computed under the same boundary conditions for one-layer 
and two-layer absorbable plates.
Clinical Case Verification  Two patients with orbital blowout 
fractures, who underwent orbital fracture repair surgery with 
the assistance of absorbable materials combined with 3D 
printing technology, were recruited as volunteers. The orbital 
and guide models of the two patients were printed using a 
Form2 printer. During the operation, one-layer and two-layer 
absorbable plates were used, and the imaging data and clinical 
outcomes were assessed at one week and six months post-
operation. To assess the clinical significance of biomechanical 
analysis of absorbable materials in orbital blowout fractures
RESULTS 
3D Model  The orbital CT data of the volunteers were processed 
using Mimics21.0 software, 3-matic13.0 software, and Geomagic 
wrap 21.0 software to generate the 3D model of the orbital 
blowout fracture and the repair guide plate model (Figure 1).
Finite Element Model  The finite element solid models for 
repairing orbital blowout fractures with one-layer and two-layer 
absorbable plates were obtained using 3-matic13.0 software 
and ANSYS Workbench 21.0 software. The absorbable sheet 
had a layer thickness of 0.6 mm and a porous structure, which 
matched the specifications of the actual absorbable sheet PLT 
(Inion Oy, Finland). The finite element model of the one-layer 
absorbable plate comprised 66 715 nodes and 33 754 elements, 
while the finite element model of the orbital fracture comprised 
89 580 nodes and 48 705 elements (Figure 2).
Results of Finite Element Analysis  The Young’s modulus 
of absorbable materials continues to decay until it completely 
disappears during the process of degradation and absorption in 
the body. The equivalent stress of the 0.6 mm thick absorbable 
plate is approximately 4.2 times higher than that of the 1.2 mm 
thick absorbable plate, and the stress value remains unaffected 
by changes in Young’s modulus. The equivalent strain of the 
0.6 mm thick absorbable plate is approximately 4.6 times 

higher than that of the 1.2 mm thick absorbable plate, and 
the strain value increases as the Young’s modulus decreases. 
The total deformation of the 0.6 mm thick absorbable plate is 
approximately 7.6 times higher than that of the 1.2 mm thick 
absorbable plate. At a Young’s modulus decay of 3.15 MPa, 
the maximum deformation of the 0.6 mm thick absorbable 
plate is approximately 3.3 mm (Table 1, Figure 3).
Table 1 shows the maximum total deformation, maximum 
equivalent stress, and maximum equivalent strain of absorbable 
plates with two thicknesses under various Young’s modulus 
attenuation simulations under the influence of orbital content 
gravity.
Results of Clinical Case Study  Both volunteer A and 
volunteer B experienced left inferior orbital wall fractures 
resulting from boxing injuries, and the sizes of the orbital wall 
defects were approximately equal. Both volunteers underwent 
orbital fracture repair surgery with the assistance of absorbable 
materials and 3D printing technology. Both volunteers 
experienced diplopia and eye movement disturbances prior 

Figure 1 Three-dimensional models of orbital blowout fracture and 

repair guide plate  A: The orbital blowout fracture model; B: The fracture 

model and the repair guide plate model after mirror image merging.

Figure 2 Finite element models of orbital blowout fracture repaired 

with absorbable plates  A: The meshed finite element model of the 

eye orbit repaired using a single layer of absorbable plate; B: The 

finite element model of the eye orbit repaired with two layers of 

absorbable plate.

Table 1 Results of finite element analysis for absorbable plates with different thicknesses under various simulated Young’s modulus decay 

conditions

Young’s modulus 
(MPa)

Absorbable plate with a thickness of 0.6 mm Absorbable plate with a thickness of 1.2 mm
Total deformation Equivalent stress Equivalent strain Total deformation Equivalent stress Equivalent strain

3150 3.3988e-3 0.89414 3.5626e-4 4.64e-4 0.21668 7.6095e-5
315 3.3607e-2 0.89514 3.546e-3 4.4458e-3 0.21264 7.5157e-4
31.5 0.33567 0.8952 3.5441e-2 4.4251e-2 0.21213 7.503e-3
3.15 3.3563 0.89521 0.35439 0.4423 0.21207 7.5016e-2
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to the surgery. Volunteer A had exophthalmos measurements 
of oculus dexter (OD): 14 mm, outer canthal distance (OCD): 
100 mm, oculus sinister (OS): 11 mm. Volunteer B had 
exophthalmos measurements of OD: 13 mm, OCD: 98 mm, 
OS: 10 mm. Volunteer A received a single-layer absorbable 
plate (Inion Oy, Finland) with a thickness of 0.6 mm during the 
surgery, while Volunteer B received two layers of absorbable 
plates (Inion Oy, Finland) with a thickness of 0.6 mm. Coronal 
CT scans conducted 1wk after the surgery confirmed the 
proper anatomical positioning of the absorbable plate repair 
materials in both volunteers. Both volunteers experienced a 
return to normal vision and oculomotor function following 
the surgery. Six months after the surgery, the coronal CT scan 
revealed a concave and deformed shape of the absorbable 
plate in volunteer A, whereas the shape of the absorbable 
plate in volunteer B remained unchanged. Volunteer A had 
exophthalmos measurements of OD: 14 mm, OCD: 100 mm, 
OS: 12 mm. Volunteer B had exophthalmos measurements of 
OD: 13 mm, OCD: 98 mm, OS: 13 mm (Figure 4).
DISCUSSION
Currently, absorbable polymers primarily consist of polylactic 
acid (PLLA), polyglycolic acid (PGA), poly-L/DL-lactide 
(PLDL), poly-L-lactic acid-trimethylene carbonate (PLTMC), 
and polycaprolactone (PCL), among others. The majority of 

absorbable materials are produced by blending two polymers 
in specific proportions. Various absorbable materials degrade 
at distinct rates within the body, which are influenced by 
factors including the molecular weight of the material, 
the ratio of components in the formulation, crystallinity, 
as well as environmental conditions such as temperature 
and humidity. The absorbable plate used in this study, PLT 
(Inion Oy, Finland), was fabricated by combining PLDL and 
PLTMC. Several studies have indicated a significant decrease 
in the initial Young’s modulus of absorbable materials after 
shaping[10]. Therefore, some scholars have proposed that 
the analysis of absorbable materials should focus more on 
the therapeutic force rather than the initial force[11]. The 
mechanical properties of absorbable materials decline during 
the degradation process. Higher probability of postoperative 
enophthalmos complications is associated with material 
degradation rates surpassing the bone healing rate in the bone 
wall defect area[12].
Finite element analysis (FEA) in this study reveals that as the 
Young’s modulus of the absorbable plate decays to 3.15 MPa 
the 0.6 mm thick repair material undergoes a maximum 
deformation of approximately 3.3 mm due to the gravitational 
force of the orbital content. Conversely, a 1.2 mm thick 
absorbable plate exhibits an overall maximum deformation 

Figure 3 The maximum total deformation (A, B) and equivalent stress (C, D) of the absorbable plate with a thickness of 0.6 (A, C) and 1.2 mm 

(B, D), respectively, when the Young’s modulus decays to 3.15 MPa under the influence of orbital content gravity.

Figure 4 Coronal CT images of volunteers A and B before the surgery, 1wk, and 6mo after the surgery  It also shows the utilization of 

absorbable materials combined with 3D printing models to aid in orbital fracture repair during the operation. CT: Computed tomography.

An absorbable material for orbital fracture
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of around 0.4 mm. These findings suggest that the use of 
two-layer absorbable plates for repairing inferior wall orbital 
blowout fractures minimizes the mechanical instability of 
the absorbable material. However, although clinical cases 
indicated no changes in the form of the absorbable material 
1wk post-surgery, imaging data taken half a year later revealed 
concave deformation in the 0.6 mm thick absorbable plate. 
This deformation indirectly resulted in slight enophthalmos 
of volunteer A’s left eye 6mo after the operation. Volunteer 
B, who received a 1.2 mm thick absorbable plate implant, 
did not exhibit changes in the shape of the repair material or 
enophthalmos. The findings of the FEA aligned closely with 
the imaging data obtained half a year post-surgery in clinical 
cases. It is possible that during the early stage, absorbable 
plates with different thicknesses exhibited some variations 
in shape change. However, due to the short duration of the 
study, these shape changes were not significant. Over time, 
the degradation of absorbable materials leads to a reduction 
in Young’s modulus[13]. Prolonged action over a period of 
6mo leads to visible concave deformation, resulting from 
the cumulative effects of absorbable plate’s shape change, 
degradation, and material absorption. These findings suggest 
that biomechanical analysis of absorbable materials in orbital 
blowout fractures can to some extent simulate the mechanical 
conditions of repair materials more realistically. Based on 
clinical case results, we believe that combining absorbable 
materials with 3D printing technology in orbital blowout 
fractures can achieve anatomical repair of orbital wall defects. 
Implanting and repairing thick absorbable plates is an effective 
method to prevent long-term complications of enophthalmos 
following surgery.
FEA is commonly utilized in the study of orbital diseases, 
particularly in investigating the mechanisms of orbital 
fractures, traumatic optic nerve injury, and analyzing the 
force exerted by extraocular muscles in thyroid associated 
ophthalmopathy[14-16]. A biomechanical analysis was conducted 
by some scholars to investigate the reoccurrence of orbital 
injury after implanting a titanium mesh in orbital fractures. The 
findings suggest that the titanium mesh may potentially cause 
trauma to the orbital tissue[17]. This also indirectly suggests 
that the utilization of absorbable materials may reduce the 
risk of orbital tissue trauma. Early scholars have analyzed the 
biomechanics of absorbable materials in orbital fractures[18]. 
Nevertheless, the mesh division in the finite element model of 
the absorbable plate is relatively coarse, and the overall model 
structure is relatively simplistic. Additionally, the research 
did not incorporate the verification of clinical cases, which 
significantly impacted the credibility of the research findings. 
Biomechanical analysis in ophthalmology encompasses 
measuring corneal elastic characteristics in glaucoma[19], 

evaluating the impact of orthokeratology on myopic patients’ 
corneal morphology[20], and assessing changes posterior 
corneal surface elevation post-corneal laser surgery[21]. 
Instruments used for these measurements yield stable data with 
good repeatability. However, the accuracy of biomechanical 
analysis results using finite element methods may be 
influenced by various factors. Researchers have demonstrated 
the feasibility of using FEA models for assessing orbital 
development biomechanics with clinical data from congenital 
microphthalmia patients[22], indirectly supporting the accuracy 
of our research.
However, our study shares the limitations commonly observed 
in finite element biomechanical analyses. In reality, the orbital 
bone tissue and the absorbable plate are anisotropic nonlinear 
elastic materials, contrary to the assumption made in this 
study of them being isotropic linear elastic materials. Our 
simulation employs overly idealized boundary conditions 
and relatively simplistic contact relationships, deviating 
from the complexities of the actual scenario. Conversely, the 
establishment of the orbital finite element model currently 
lacks a unified method, leading researchers to employ diverse 
software and modeling techniques, potentially yielding 
inconsistent outcomes[23]. Finite element biomechanical 
analysis aids doctors in simulating stress and strain conditions 
in various clinical case scenarios, offering valuable reference 
and guidance for clinical treatment plans. Nevertheless, the 
outcomes of FEA cannot be directly translated into clinical 
practice due to their approximation to real-world conditions. 
The reliability of the results must be confirmed through real-
world tests or clinical cases to establish their reference value. 
Importantly, in this study, we observed through clinical 
case verification that the implantation of a 2-layer thick 
absorbable plate can maintain favorable mechanical support 
even after six months. By integrating the findings from FEA 
and the validation of clinical cases, we assert that finite 
element biomechanical analysis can provide a more realistic 
simulation of the mechanical behavior and scenarios involving 
absorbable plates in orbital blowout fractures. Therefore, we 
recommend utilizing 3D printing technology in combination 
with absorbable plates of varying thicknesses for the repair of 
infraorbital wall fractures.
In conclusion, based on comprehensive FEA and clinical 
validation, we have determined that utilizing a two-layer 
absorbable plate could serve as an effective approach for 
addressing infraorbital wall blowout fractures. This approach 
aims to mitigate mechanical instability inherent in absorbable 
materials and offer enduring mechanical support for fracture 
site healing. Conversely, employing a single-layer absorbable 
plate of thickness may predispose patients to postoperative 
complications such as enophthalmos. Therefore, integrating 3D 
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printing technology with absorbable plates of suitable thickness 
holds promise for achieving precise anatomical reconstruction 
of orbital wall defects and diminishing postoperative 
complications. Although FEA furnishes valuable insights into 
simulating the mechanical behavior of absorbable materials 
in orbital fracture repair, its applicability in real-world 
scenarios necessitates validation through clinical practice. 
Thus we advocate for judicious selection of absorbable plates, 
particularly two-layer configurations, in the management of 
infraorbital wall blowout fractures, supplemented by advanced 
3D techniques, to enhance patient outcomes and diminish 
postoperative complications.
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