E-mail: jig@aircas.ac.cn EPEI%%H???E

Website: www.cjig.cn JOURNAL OF IMAGE AND GRAPHICS

Tel: 010-58887035 O HEESRERFRRINTE

FEESES TP18;TP391.4  XEAARIEFE: A XEHS: 1006-8961(2025)12-3941-14

WXEI AKX :Liu W], MaL, Wei GS, Fan Y Y and Zhou Y F. 2025. Segmented dental arch line design based on Hermite interpolation function.
Journal of Image and Graphics, 30(12) :3941-3954(XIAH 7S, Hje, 8070, k%, JEJClE. 2025, T Hermite fifi B B A1 23 Bt 204 5 ik
. P EELEIE%, 30(12):3941-3954) [DOIL: 10. 11834/jig. 240591 ]

HEF Hermite iFHEEHP O BEXF S &5t

XA, B A, B0, TE L #E, F T

AR AE A B, BF - 250101

M OE: BRIk BCE D IE A S G b F B AR R TR U B ARG 1 OC . I A 2R A
Beta PREILA A 5 26 (0 i T A el B 00 BRI HOHE AL B AR SRR S B M 5 4. itk A SO S 2t S m
RS HALIF I T Hermite FHEREUN T S &INAG ik, DRSS F S LA R MR G, 7k Bk T
W FARAS BRI 15 BB, 38 a2 D AR s A I T vk A B I 0 B A K, SRS 2 A I O EAE
SR BN %K SRy T R 2T A . 5 G R RO I B R B DA B R AR R
WA 52k AN RSO TFRE S S LA T 5 2 2 ) ) S B B, 52t PR DA B30 s BB & 2 55 4R A ) Y38 4
R ARSCHER T Beta BREUREA B RIFRPE , A BRI AT . B AR AT LLE ok R3S LA A & IE il
SREGBIAE S 548, A TPPMHEARE B , AR SO ENE TXF LR 250 AN KA SO B3 1O F 5 460 F T8I
A B Y IE W [ shHES kb B0 IR S R SR IERRCR B R T S8 A SO RIS S 5RO DL K R T
IO % 5, RERS A R R BRARL A 5 2R A0 XY IR A, A S 8 U TE R I T HR 48 TR B

KEIR : S 54 Hermite 48 ; 5 15 IE W ; 2804k ; 3 Br ek 4L

Segmented dental arch line design based on Hermite interpolation function

Liu Weijie, Ma Long, Wei Guangshun, Fan Yeying, Zhou Yuanfeng’
School of Software , Shandong University , Jinan 250101, China

Abstract: Objective In recent years, rapid advancements in digital technology have positioned digital orthodontics as a
critical research focus within the field of dentistry. Among the numerous challenges encountered during orthodontic treat-
ment, designing an accurate dental arch line is fundamental for precisely calculating the target positions of teeth after treat-
ment. The dental arch line should not only follow the natural growth patterns of the teeth but also satisfy aesthetic and func-
tional requirements essential for optimal orthodontic outcomes. However, current automated tooth alignment methods typi-
cally model the dental arch line using Beta functions, which are inherently limited by their restricted degrees of freedom.
This limitation often prevents these methods from generating curves that accurately capture the ideal dental arch form, espe-
cially when dealing with complex or irregular tooth arrangements. Moreover, orthodontists frequently require customized
dental arch lines tailored to each patient’s unique oral condition. However, arch lines fitted solely from the patient’s initial
intraoral scan may not always align with therapeutic or aesthetic expectations, necessitating labor-intensive manual adjust-
ments. These challenges highlight the need for a flexible and precise approach to dental arch line design that effectively

meets clinical standards and patient-specific requirements. Aiming to address these limitations, this paper proposes a
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novel dental arch line fitting method based on cumulative chord length parameterization combined with Hermite interpola-
tion. This approach aims to enhance control over the dental arch shape, improve fitting accuracy, and provide orthodontists
with a highly effective and efficient tool for designing and adjusting dental arch lines during orthodontic treatment planning.
Method The proposed method begins by inputting the patient’s intraoral scan data, which undergoes a series of preprocess-
ing steps to ensure data quality and consistency. A tooth segmentation algorithm is then applied to accurately isolate each
individual tooth, following internationally recognized dental segmentation standards. After segmentation, a landmark detec-
tion algorithm is employed to extract key landmarks from each tooth, capturing essential geometric and morphological fea-
tures. These landmarks serve as the foundation for subsequent dental arch line fitting. Aiming to facilitate the interpolation
process, the extracted landmarks are initially reparameterized using cumulative chord length parameterization. This pro-
cess generates a naturally distributed set of interpolation points along the dental arch by accounting for the varying distances
between adjacent landmarks, thereby preserving the true spatial relationships among teeth. Subsequently, Hermite interpo-
lation is employed to construct the dental arch line through the parameterized points. By incorporating position and tangent
information, Hermite interpolation enables the construction of smooth, continuous curves with enhanced local control.
Aiming to ensure fitting accuracy and smoothness, a coefficient matrix is constructed to formulate a system of linear equa-
tions. Solving this system yields the final dental arch line, represented as a piecewise continuous function. This piecewise
structure allows for precise local adjustments, making the method particularly effectively for accommodating complicated or
irregular tooth arrangements. Furthermore, this paper introduces two new mathematical evaluation metrics : the mean short-
est distance and the maximum shortest distance between the extracted landmarks and the fitted curve. These metrics offer
an objective and robust means of assessing how accurately the generated dental arch line conforms to the patient’ s actual
dental morphology. Result The proposed fitting method, which integrates cumulative chord length parameterization with
Hermite interpolation, exhibits substantial improvements over traditional approaches in dental arch line fitting. First, com-
pared to conventional Beta function-based methods, the proposed approach offers substantially greater flexibility by allow-
ing the inclusion of additional control points. This increased degree of freedom directly addresses the limitations of Beta
functions, particularly their inability to support localized shape modifications. The resulting dental arch line provides ortho-
dontists with the flexibility to manually adjust specific, predefined control points, enabling localized adjustments tailored to
individual patient needs. The proposed method excels in offering excellent controllability for global and local morphology
adjustments of the dental arch line while maintaining high accuracy and smoothness across all regions, attributed to the use
of its piecewise functional structure. Experimental evaluations further highlight the advantages of the proposed method.
Qualitative analyses show that the generated curves more naturally align with actual dental arch shapes than those produced
by conventional methods. Quantitative results, assessed using the proposed shortest distance-based evaluation metrics,
confirm a notable improvement in fitting accuracy and alignment with natural tooth arrangements. Additionally, the pro-
posed method enhances clinical flexibility, allowing orthodontists to efficiently adjust the dental arch line by manipulating a
limited number of control points, minimizing the need for extensive manual corrections. In practical scenarios, the pro-
posed fitting method is integrated into an existing automated tooth alignment system. This integration led to noticeably
improved orthodontic outcomes, further validating the practical effectiveness and clinical applicability of the proposed
method. Conclusion Compared to existing dental arch fitting methods, the proposed method based on cumulative chord
length parameterization and Hermite interpolation demonstrates clear advantages in fitting accuracy and flexibility. This
method effectively addresses key limitations of traditional approaches, such as difficulty in achieving an ideal dental arch
line and limited adaptability to patient-specific variations. By notably increasing the degrees of freedom and enhancing the
controllability of the fitting function, the method produces dental arch lines that are not only smooth and accurate but also
highly customizable to meet the diverse clinical requirements of modern orthodontic practice. Furthermore, the introduc-
tion of quantitative evaluation metrics offers a systematic and objective framework for assessing fitting quality , ensuring that
the resulting dental arch lines are aesthetically aligned and functionally sound. Beyond its technical advantages, the
method also improves clinical efficiency by reducing the time and effort typically required for dental arch adjustments dur-
ing treatment planning. Overall, the proposed method offers strong technical support for the advancement of digital ortho-

dontics and holds substantial potential for broader clinical adoption. This paper establishes a solid foundation for further



$30% /FE 128 /2025 £12 B

XEA, Dk, B, B, FAxig
E T Hermite lESI NS BEXF S &Lt

innovations in automated orthodontic treatment systems, opening new possibilities for personalized and precise dental

care.
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Table 1 Data analysis of the initial data fit to the dental arch line

ik CU,.,. 4/mm CU,. /0.5 mm CU,./1.0 mm CU,./1.5 mm
Bela 3.37 10.73 18.21 24.46
BFEZ% 0.84 54.55 65.20 75.69
W RERSE A (2022) 1.05 49.01 61.13 72.84
A 0.51 66.44 81.48 91.36
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