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[Abstract] Periodontal trauma refers to the pathological damage or abnormal alterations of periodontal tissue caused
by a variety of factors, involving a complex physical - chemical - biological coupling mechanism. Its accurate diagno-
sis, evaluation, and repair are essential for the recovery of oral function and long-term prognosis. The traditional single
technique cannot accurately reflect the status of periodontal tissue due to limitations such as incomplete mechanical
characterization or missing biological information. Finite element analysis improves the accuracy of physical simulation
through the development of a finite element constitutive model, multi-physics coupling, finite element dynamic analysis,

and multi-scale modeling. Based on the molecular chemical composition and microenvironment information of periodon-
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tal tissue obtained by inelastic light scattering molecular vibration “fingerprinting,” Raman spectroscopy can be used to
detect the conformational changes of collagen, mineralization gradient, and inflammatory molecular markers after
trauma. Raman spectroscopy can detect microscopic damage earlier than traditional detection methods. The application
of finite element analysis or Raman spectroscopy alone can only be used in physical simulation, such as stress — strain
analysis or molecular chemical detection of periodontal tissue trauma, and its function is relatively limited. However,
the combination of the two modalities combined with Al (artificial intelligence) can analyze the biomechanical mecha-
nism, molecular pathological changes, and dynamic repair process of periodontal tissue trauma, and it has clinical appli-
cation advantages such as early accurate diagnosis of disease and personalized treatment optimization. The combined
application of finite element analysis and Raman spectroscopy in the study of periodontal trauma is still in its infancy;
studies have experienced issues with multimodal data fusion, clinical validation, and a lag in real-time feedback. In fu-
ture work, it will be necessary to combine Al to optimize the efficiency of models, break through disciplinary barriers,
and focus on multi-scale data fusion and clinical application, and expand interdisciplinary technology integration. This
article focuses on the research progress of finite element analysis, Raman spectroscopy, and their combined multimodal
techniques in the application of periodontal tissue trauma, and proposes a type of finite element analysis -~ Raman spec-
troscopy multimodal technology supplemented with Al
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Advantages, limitations, functions, and application scenarios of finite element analysis combined with Raman spectroscopy

Table 1

A FRIT TR 5 B 2O 1 2 B S HORTE A A L1000 b A AL 3 R BRAE (DB 1V I 5

multimodal technology in periodontal trauma

Technical name

Function

Application scenarios

Advantages

Limitations

Finite element

analysis

Raman

spectroscopy

(D Physical field simulation
@) Virtual experiments

(3 Mechanism analysis

(D Molecular recognition
@ In vivo detection
 Pathological quantification

@ Chemical imaging

(D Trauma mechanism simula-
tion

(2 Surgical and treatment sce-
nario simulation

@ Physics optimization of

treatment devices

(D Mechanism research
@ Early diagnosis
(3 Health and prognosis as-

sessment

(D Non-invasive detection

) Dynamic simulation capa-
bility

(3 Multi-physics field integra-

tion capability

(D Non-destructive testing
®) High chemical specificity
3 Simultaneous multi-index

analysis

(D Reduced model error

(2 Resource-intensive compu-
tation

3 Reliance on experimental

verification

D Signal interference
() Shallow penetration
® High equipment cost

Finite element

analysis-Raman ) Treatment optimization and  analysis

spectroscopy monitoring
multimodal ® Tissue regeneration evalua-
technology tion sis monitoring

@ Precise diagnosis

(D Trauma mechanism analysis (D Cross-scale pathological

) Early disease and progno-

@ Personalized treatment

plan optimization

@ Micrometer-level spatial

resolution

(D Cross-scale analytical capa- (D Model simplification error

bility (2 Spatial-Temporal scale dif-
) Non-invasive dynamic ferences
monitoring (3 Operational complexity
3 Precise diagnosis support @ Data fusion barriers
@ In-depth mechanism explo-

ration
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