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Trajectory of the development of caries in the permanent dentition of 12- to 16-year-old students based on a la-
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[Abstract] Objective To explore the trajectory of the development of permanent caries in 12- to 16-year-old stu-

dents in Liuyang and to provide a reference for the prevention and management of caries. Methods Primary and sec-
ondary school students who were registered within the Liuyang jurisdiction were screened for caries from September to
November by the Liuyang Center for Disease Control and Prevention. A total of 7 297 students between the ages of 12
and 16 years with complete permanent dentition caries monitoring records and traceable deciduous dentition caries mon-
itoring records were selected from 2013 to 2019, and a zero-inflated negative binomial-latent class growth model (ZINB-
LCGM) was established to describe the trajectory of the development of individual caries using the decayed missing
filled teeth (DMFT) indicators. Results DMFT of 12- to 16-year-old students in Liuyang were mainly decayed teeth
(DT), with the majority occurring in the first permanent molar. According to the ZINB-LCGM model, the students were
classified into three latent categories, "slow growth pattern" (28.55%), "rapid growth pattern" (6.59%), and "stable pat-

tern" (64.86%), which followed different nonlinear caries growth trajectories. Females with deciduous teeth caries were
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more likely to have trajectories showing a “rapid growth pattern” and a “slow growth pattern”. There were significant
differences in the trajectories between men and women, as well as between those with and without primary dentition car-
ies. Conclusion The trajectory of the development of caries in 12-16-year-old students shows heterogeneity in terms
of different developmental patterns of latent categories, suggesting that females with deciduous dental caries should re-
ceive more attention.

[Key words] dental caries; decayed missing filled teeth; trajectory; latent class growth model; population
characteristic; population heterogeneity; zero-inflation; school health; students
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Figure 1  Path diagram of ZINB-LCGM
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Figure 2 Frequency distributions of DMFT and proportion ratios of DMFT in 12- to 16-year-old students
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Table 1 Fit indices and latent category probability of linear and non-linear ZINB-LCGM

TR BIMER

C AIC BIC aBIC Entropy LMR BLRT Category probability
Linear 1 51402.44 51 464.50 51435.90 - - - 1.00

2 47 549.61 47 597.87 47 575.63 0.78 <0.001 <0.001 0.35/0.65

3 46 864.05 46 967.48 46 919.81 0.73 <0.001 <0.001 0.30/0.09/0.61

4 46 714.33 46 838.44 46 781.24 0.65 <0.001 <0.001 0.27/0.10/0.09/0.54

5 46 589.53 46 734.33 46 667.60 0.63 <0.001 <0.001 0.19/0.11/0.11/0.06/0.53
Non-linear 1 47 759.53 47 876.75 47 822.72 - - - 1.00

2 47 130.38 47 233.80 47 186.14 0.78 <0.001 <0.001 0.36/0.64

3 46 706.83 47 837.84 46 777.46 0.74 <0.001 <0.001 0.29/0.09/0.62

4 46 558.99 46 717.58 46 644.49 0.72 <0.001 <0.001 0.22/0.09/0.61/0.09

5 46 434.34 46 620.51 46 534.71 0.65 <0.001 <0.001 0.19/0.06/0.52/0.14/0.09

ZINB-LCGM: latent class growth model on zero-inflated negative binomial distribution. C: number of latent categories; AIC: Akaike information criterion;

BIC: Bayesian information criterion; aBIC: sample-size adjusted Bayesian information criterion; LMR: Lo-Mendell-Rubin likelihood ratio test. BLRT: boot-

strap likelihood ratio test.
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An inflection point occurred when the number of categories was
2 in the linear model and 3 in the nonlinear model, indicating
an optimized category from a pre-specified category established.
aBIC: adjusted Bayesian information criterion
Figure 4 Scree plot by aBIC
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Table 2 Estimated latent factors of the ZINB-LCGM for 12- to 16-year-old students

. Count part Inflation part
Categories Latent factor - Latent factor -
Logit e P Estimated P

Slow growth pattern 1 -0.07 0.93 0.373 11 — —
(n=2083) S -0.07 0.93 0.268 SI -0.45 <0.001

Q 0.06 1.06 <0.001 QI -0.13 <0.001
Stable pattern 1 -2.81 0.06 <0.001 11 — —
(n=41733) S -0.36 0.70 0.082 SI -0.45 <0.001

Q 0.03 1.03 0.526 QI -0.13 <0.001
Rapid growth pattern 1 0.70 2.01 <0.001 1 — —
(n =481) S 0.06 1.06 0.216 SI -0.45 <0.001

Q 0.03 1.02 0.001 QI -0.13 <0.001
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Table 3 Multinomial Logistic regression analysis of caries trajectory

Categories' Independent variable b S X P OR (95% CI)
Slow growth pattern Intercept -0.25 0.07 13.05 <0.001
Sex -0.51 0.10 25.33 <0.001 0.60 (0.50-0.73)
Deci’ -0.45 0.08 32.38 <0.001 0.64 (0.54-0.74)
Rapid growth pattern Intercept -1.51 0.11 202.39 <0.001
Sex -1.01 0.19 29.12 <0.001 0.37 (0.25-0.53)
Deci® -0.51 0.13 15.94 <0.001 0.60 (0.47-0.77)

1: reference is “stable pattern”. 2: Deci is abbreviation of “deciduous teeth caries”. CI: confidence interval
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Intuitively, solid lines (females) and dotted lines (males) had a
similar trajectory both in three latent categories, but dotted lines
were slightly lower than those solid lines. Nevertheless, the dis-
parity between solid lines and dotted lines were different in three
latent categories. DMFT: decayed missing filled teeth

Figure 5 DMEFT trajectories in 12- to 16-year-old

students of different genders
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Intuitively, solid lines (with deciduous teeth caries) and dotted
lines (without deciduous teeth caries) had a similar trajectory both
in three latent categories, but dotted lines (without deciduous teeth
caries) were slightly lower than those solid lines (with deciduous
teeth caries). Nevertheless, the disparity between solid lines and
dotted lines were different in three latent categories. DMFT: de-
cayed missing filled teeth
Figure 6 DMEFT trajectories in 12- to 16-year-old

students with and without deciduous teeth caries
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