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Prevalence of Caries and Malocclusion in an Indigenous Population in Chiapas, Mexico
Abstract

Objectives: To assess the prevalence of caries and malocclusion in 14-20 year old Mayan

Mexican adolescents living in Chiapas, Mexico.

Methods: This is a cross-sectional, population-based, quantitative, epidemiological study.
Sites were chosen to capture subjects representative of the state’s Mayan population. A
combined total of 354 subjects were recruited. Caries experience was quantified via visual
inspection using the Decayed, Missing, and Filled Surface index (DMFS). Malocclusion was

quantified using the Index of Complexity, Outcome, and Need (ICON).

Results: Our data showed 99% of the population had caries experience, with a median
DMEFS score of 8. Out of the 99% with caries experience over half had caries affecting more
than 5 tooth surfaces. Thirty seven percent of the students had unmet orthodontic
treatment need, 46.46 % presented a class Il anterior-posterior relationship whereas

39.09% presented a class III.

Conclusions: Less than 1% of the population had any exposure to orthodontics
demonstrating the lack of access to care. Likewise, only 1% of the population was found to
have no caries experience, exhibiting a large unmet treatment need. The median DMFS
score of 8 was also high in comparison to DMFS of the US at 6. Our data suggests a
correlation between the lack of access to care and high prevalence in caries and

malocclusion in Mexican Mayans that inhabit Chiapas Mexico.
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INTRODUCTION

Dental caries and malocclusion are common oral disorders among children and
adolescents that affect their quality of life (1). Dental Caries is the single most
common chronic childhood disease; it is five times more common than asthma and
seven times more common than hay fever. (2, 3)

Malocclusion refers to the abnormal relationship of the maxillary teeth to the
mandibular teeth; correction of malocclusion wusually involves orthodontic
treatment during late childhood and adolescence.(4) The World Health Organization
(WHO) regards malocclusion the third highest oral-health priority.(5).

Dental caries and malocclusion can affect self-esteem, social interactions, and
communication. (2)

Several developed countries have experienced a steady reduction in dental
caries. However, trends in developing and underdeveloped countries are unclear.
For instance, the lowest caries rates were found in Africa and the highest in Latin
America. (6)

In Mexico dental caries is considered a public health problem. It is estimated
that 99% of the population has had dental caries; this constitutes the main reason
for teeth being extracted in patients younger than 35 years.(7) The prevalence of
dental caries in adolescents is higher than 70%, and the mean decayed, missing, and
filled teeth (DMFT) is higher than 1.5 (8). In a national surveyed, decayed teeth
accounted for 90% of the index for DMFT in four states, Colima, Chiapas, Guerrero,

and Yucatan. (9)



In terms of malocclusion, a study of Mexico City students showed that almost
one third of the teenage studied presented occlusal anomalies leading to
orthodontic treatment needs; amongst them, 43% had severe occlusal
anomalies.(10) Treatment need for orthodontic care is a complex issue to quantify
due to the psychosocial aspect of malocclusion.(7, 11-19) Therefore, epidemiologists
have developed evidence-based tools to evaluate orthodontic treatment need that
aim to account for these manifold influences including the perception of aesthetics.
(11)

In general, oral diseases are considered public health problems in Latin
American countries and disproportionately affect the poor and disadvantaged (20-
22). Indigenous populations in Latin American are among the most disadvantaged
economically and socially. Moreover, they are worse off in terms of health for most
indicators (23-26).

According to the 2005 census, Mexico’s indigenous population numbers 12.7 million
people representing up to 13% of the national population. The majority of these
indigenous populations are concentrated in the southern and south-central region
of Mexico. Almost 80% of those who speak an indigenous language live in eight of
Mexico’s 31 states, Chiapas holding the second largest population size.(27, 28).
44.2% of those residing in indigenous municipalities suffered from extreme poverty.
(29-31).

The region of Siltepec., with a population of 3181 people holds a naturally isolated

self-identified indigenous community. (32)



Chiapas was among the areas most burdened by caries Mexico throughout the last
27 years. (9) The state of Chiapas and the region of Siltipec, have unanswered
questions in regard to the distribution of caries and malocclusion within the

indigenous population.

While some studies on the prevalence of caries and malocclusion in Latin America
and Mexico, there is a paucity of studies focusing specifically on the oral health of
the indigenous populations in Mexico. This scarcity of standardized methodological
studies leaves the indigenous sector of the population epidemiologically invisible.
This lack of information on their oral health status is likely preventing the
development of strategies for oral disease prevention and health promotion in these
populations.

The objective of the present study was to assess the prevalence of caries and
malocclusion in an indigenous adolescent population living in the southeastern
Mexican state of Chiapas. This state has a population of around 5 million, 30% are

indigenous.(31)

An understanding of the extent of caries and malocclusion in this population
would help design the appropriate interventions. Without this basic assessment,

inequalities cannot be addressed.



METHODS

This is a cross-sectional, population-based, quantitative, epidemiological study.
Ethical approval was granted by the Committee for Human Research at UCSF and by
the University of Nuevo Leon in Mexico and was conducted in full accordance with
the World Medical Association Declaration of Helsinki. Written consent was
obtained from the adolescents and their parents/caregivers as well as participants
aged 18 and above in Spanish. Members of the research team explained the study
and its voluntary nature thoroughly in Spanish.

The target population of the study included subjects between the ages of 14 and 20
years of age who were attending the only high school in the town of Siltepec,
Chiapas, Mexico (table 1).

Table 1 Age and Gender of Participants

Age 14 15 16 17 18 19 20 Total
Females | 3 67 59 28 10 7 2 176
Males 2 40 61 55 14 4 2 178
Total 5 107 120 83 24 11 4 354

Classes within the school were sampled systematically, and all students attending
school and who met the inclusion criteria were examined (table 2).

Table 2 Inclusion and Exclusion Criteria

Inclusion Criteria

Students ages 14 to 20 years old

Self-identified as indigenous (Mayan)

Students with parent inform consent

Exclusion Criteria

Students younger than 14 and older than 20 years old

Self-identified as non-indigenous

No inform consent from parents

Presents of craniofacial anomalies

History or presence of orthodontic treatment




We determined indigenous status of the students according to the Mexican National
Commission of Indigenous Peoples Development, an indigenous person is defined as
someone “living in a household whose head of the family, a spouse and/or an
ascendant self-identifies and is a speaker of an indigenous language.” (33)

The dental examination was comprised of an extra oral assessment of the student’s
smile and an intraoral examination of the teeth and occlusion. The DMFS index was
used to assess the presence of dental caries (34, 35) and index of complexity
outcome and need (ICON index) to assess malocclusion (11). No insight can be
gained about type of decay (pit/fissure or smooth surface) because the DMFS index
was recorded in the digital forms as a single sum total of all categories without
reference to the individual D/M/F categories. Occlusal anteroposterior relationship
was determined according to Angle classification(36). Students with a different
Angle classification on each side were categorized into a single class based on the
predominant pattern of occlusion and/or canine relationship (37).

The students were examined at the schools, in a quiet classroom without
external interference, under natural or artificial illumination. The examination
lasted approximately 15 minutes per child, following the World Health Organization
(2013) guidelines. (38) No radiographs, study casts, or previous written records
were used. Personal data and information about orthodontic treatment were
obtained directly from the students. Treatment urgency was dental examiner-

determined by status of oral disease present at the time of dental exam. The



responses were scored by the dental examiner for treatment urgency as: (1) See a
dentist immediately, ( 2) See a dentist within two weeks, (3) See a dentist at earliest
convenience, (4) Continue with routine care. Information on treatment urgency was
given to participants for their benefit; however, this data was not recorded. Each
participant was given a toothbrush and oral hygiene instructions. The family was
informed about their child’s oral health status. All exam data was directly entered
into an electronic form on a secured, encrypted, laptop and transmitted to UCSF.

The clinical examination was carried out by three examiners (MFO, ORB, KA),
who had previously undergone calibration to standardize their procedures.
Calibration exercises for raters of DMFS and ICON were performed using 10 casts
and photos from UCSF orthodontic clinic patients that were not participating in the
study.

Intra and inter-rater reliability was assessed using 10 additional casts and
photos from UCSF orthodontic clinic patients that were not part of the calibration
exercises. These records were used to test and retest each examiner for at least
three times, administered at 3-4 weeks apart between retests.

Descriptive statistics including medians, quartiles, frequencies, and percents
were calculated to summarize the general characteristics of the sampled population.
Treatment severity for caries was determined as follow: 0 DMFS (no caries) DMFS
1 to 5 (moderate) DMFS >5 (severe)(39). Malocclusion severity was assessed as
described in the ICON index as treatment complexity. The significance of differences
for DMFS and ICON grades between genders was assessed by means of chi-square

tests (P < 0.05). The intra-class correlation coefficient (ICC) was used to evaluate



the intra- and inter-examiner reliability. ICC values equal to 0 represent agreement
equivalent to that expected by chance, while 1 represents perfect agreement. All
statistical analyses were performed using STATA (Stata Corp LP, College Station,

Texas)

RESULTS

A total of 354 subjects, 176 female (49.7%) and 178 males (50.3%), were examined
to participate in this study. After the application of both inclusionary and
exclusionary criteria, the final sample consisted of 351 subjects, 99.2% of the
original sample population.

Figure 1: Prevalence of Dental Caries assessed by the decayed missing and filled
index by affected surface of teeth (DMFS)

Caries

Ul
o

w
£

Percentage
D
o

BN
o o

No Caries 1-5 surfaces >5 surfaces
1.42 24.93 73.65

o

The prevalence of caries is depicted in Figure 1. Out of the 351 students, only 5



(1.4%) presented with no caries. The median DMFS was 8, whereas more than half
of our sample had more than 5 affected surfaces. There weren't statistical significant
differences between boys and girls’ caries experience (p=0.4627) (table 3).

Table 3 Caries Experience

Caries | Boys Girls Total P
DMFS N % N % N %

0 2 1.12 3 1.73 5 1.42

1-5 49 27.53 39 22.54 88 25.07

>5 127 71.35 131 75.72 258 73.50

TOTAL | 178 173 351 0.4627

Figure 2: Prevalence of Malocclusion assessed by the index of complexity, outcome
and need (ICON)
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From the total sample, 129 subjects (37%) needed orthodontic treatment. Our
results show that 119 students (34.1% of the total sample) had an easy
malocclusion, according to the ICON index; 132 students (37.8%) had mild

malocclusion and moderate malocclusion was present in 45 students (12.9%).



Difficult malocclusion was evident in 30 students (8.6%) whereas 23 students
presented with very difficult malocclusion (6.6%) (Figure 2). As depicted in Figure
3, 13.6 percent presented with a class I malocclusion, 46.46 percent class II and
39.09 percent class III.

Figure 3: Distribution of anterior posterior relationship according to the Angle
classification
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There weren'’t statistical differences between boys and girls in terms of anterior-
posterior occlusion (p=0.4484) (table 4).

Table 4 Occlusal Classification

Angle Boys Girls Total P
Classification | N % N % N %

1 86 49.14 |78 4483 | 164 46.99

11 26 14.86 | 22 12.64 |48 13.75

111 63 36.00 |74 42.53 137 39.26

TOTAL 175 174 349 0.4484

The majority of the students (60.7%) had an edge to edge or less than 1/3 coverage

overbite, whereas 18% had different degrees of open bites (Fig. 4).



10

Figure 4: Open /deep bite distribution in mm for open bite and in thirds for deep

bite according to the index of complexity, outcome and need (ICON)
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As shown in Figure 5, almost 40% of the students had mild to moderate crowding.
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Figure 5: Space and crowding distribution in mm according to the index of
complexity, outcome and need (ICON)
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The three raters for this study exhibited a high level of inter-rater reliability;
the overall Fleiss' kappa valuewas 0.87 (95%CI: 0.86-0.88). For intra-rater
reliability, the three raters achieved high levels of reliability. The overall weighted
kappa value was 0.95 (0.93, 0.96) for the ten cases that were evaluated three times

separated by three weeks by each rater.
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DISCUSSION

The present study is one of few epidemiology analyses carried out in a Mayan
Mexican population.

The state of Chiapas was selected for this study since it is the second largest
indigenous population in Mexico. Moreover, the specific site of this study was
selected due to the presence of a relatively intact geographically isolated indigenous
population. For convenience, all of the students who met inclusion criteria attending
the single school in the area were screened. This school is the only school of the
region and integrates over a large geographic area.

The location that this community inhabits is consistent with other Latin
American indigenous populations that are often relegated to less desirable lands;
mountains and jungle instead of proximity to rivers and flatlands. The isolation of
these communities plays a role on their ethnic homogeneity and the narrow range of

socioeconomic status.(40)

The Mames population is one of the largest indigenous groups directly
descended from the Mayan people. They occupy the highlands and jungles of the
Chiapas region and extend into Guatemala’s Western Highlands; forming a
continuum of territory, culture, and linguistics.(41). There are numerous indigenous
populations in Mexico that are known to be dissimilar in appearance, behavior, and
genetics. Therefore, this study has a limited ability to extrapolate these data to other

possibly disparate groups. However, insights gained here may incrementally add to

12
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the body of knowledge of these groups.

Even though this population has access to government sponsored public
clinics, the Mames group still retain their indigenous traditional remedies,
languages and mythology. A remarkable 85% of the population has less than a
middle school education level. In addition, 55.7% of Mames households report not
having a consistent income. (41)

Previous studies have shown a high presence of oral disorders in areas of
social inequalities, such as the area in which the present study was conducted. The
prevalence of caries observed in this population was extremely high. With 99% of
the population having caries and a median DMFS score of 8, the severe caries
experience and the large unmet treatment need is evident. Several studies in rural
Mexican communities have shown varying prevalence of caries ranging from 43% to
100%. It is notable that that not all of these studies used the same caries index (9,
40, 42, 43). Our results showed no statistical differences between boys and girls;
this is in contrast to other studies on Mexican adolescents that showed a higher
prevalence of caries in girls.(44)

Access to government sponsored dental care is limited. The town has one
dentist.. There are no other clinics available in the area and the closest clinic is 6

hours away by car. Car ownership in this area is rare.

The expansion of roadways may be a contributor to caries experience as the

increase of access to junk foods and deteriorating diets, which depart from

13
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traditional sources of nutrition (40). After all, Mexico is now the second soft drink
consumption country worldwide (45).

However, the patterns of beverage intake are complex. Although associated
to caries presence, there are other variables related to the relationship between
diet, sugars and oral carious lesions that need further elucidation (46, 47)

Moreover, the increased accessibility of decay-inducing food items often
accompanies the process of increasing access to potable water in these remote
communities. For this reason, further studies are warranted to elucidate the
contributing social factors to the heavy burden of caries in this indigenous
population.

Potential limitations of this study include: lack of recording treatment
urgency, limitations of DMFS index including measuring the severity of active decay.

Approximately one third of the students were considered in need of
Orthodontic treatment, but less than 1% had any orthodontic treatment experience.
Of particular note is that more than 15% of the students presented with a difficult or
very difficult type of malocclusion. This may be due to the high prevalence of Angle’s
class IIl malocclusion that was observed in this sample. One limitation of the Angle's
classification is that it does not incorporate vertical and transverse abnormalities,
however, it is a universally accepted system that is reliable and that minimizes
examiner subjectivity. In our study, almost 40% of the students presented with a
class IIl. This percentage is much higher than that the prevalence shown in other
populations as evidenced by a recent systematic review that showed class III

malocclusion prevalence worldwide ranging from 0% to 26.7% [#4]. Latinos living in

14
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the US, self described as Mexican or Mexican descents, showed a prevalence of 8%
to 9 % of class Il malocclusion (37, 48)

Class III relationship is most often cited as being an inherited trait. Human
studies support an autosomal-dominant mode of inheritance of the Class III
phenotype(49-51). The ethnical homogeneity of the Mames together with the
inherited trait of this type of malocclusion could partially explain our findings.

Class II Angle’s type of malocclusion was also high in this population, 46%
percent. Class II malocclusion in other ethnic groups including Latinos ranged from
16% to 22%(37, 48, 52-54). Low socioeconomic status, caries experience,
premature loss of deciduous teeth, prolonged habits, might increase susceptibility to
Class Il malocclusion as seen in this population. (55-57)

Further, changes from a hard to a soft diet may constitute an important
etiologic factor for the increased prevalence of Class II malocclusion. This is most
likely due to a decrease in dental attrition and a lack of compensatory tooth mesial
migration associated with softer diets.(58)

We didn’t identify differences in anterior posterior relationship between

boys and girls (Table 4).

CONCLUSIONS

The high prevalence of caries and malocclusion observed in Mames
adolescents reflects the social inequality that is present in this community. The
high prevalence of caries in this population could explain, in part, the high class II

and class III molar relationship prevalence. Early loss of primary molars, due to

15
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caries, may lead to non-class I molar relationships. Due to the 99%+ prevalence of
caries within this group, no statistically significant relationships can be inferred
between caries and malocclusion

Although health indicators have improved over the years among indigenous
population groups (54), our results indicate that health inequalities still persist

among indigenous populations in Mexico.

16



17

References

1. Gomes MC, Pinto-Sarmento TC, Costa EM, Martins CC, Granville-Garcia AF,
Paiva SM. Impact of oral health conditions on the quality of life of preschool children
and their families: a cross-sectional study. Health and quality of life outcomes.
2014;12:55.

2. Beaglehole R, Benzian, H., Crail, ]. and Mackay, ]., eds. The Oral Health Atlas.
FDI World Dental Federation. 2009.

3. Richards D. Oral diseases affect some 3.9 billion people. Evidence-based
dentistry. 2013;14(2):35.

4. Proffit WR FH, Sarver DM. Contemporary orthodontics. 4th ed. St. Louis, Mo:
Mosby Elsevier. 2007:751.

5. Joint WHO/FDI Working Group WHO, International Dental Federation.
Health through oral health : guidelines for planning and monitoring for oral health
care. London: Quintessence on behalf of the World Health Organization and
Federation dentaire internationale. 1989(77).

6. Cleaton-Jones P, Fatti P, Bonecker M. Dental caries trends in 5- to 6-year-old
and 11- to 13-year-old children in three UNICEF designated regions--Sub Saharan
Africa, Middle East and North Africa, Latin America and Caribbean: 1970-2004.
International dental journal. 2006;56(5):294-300.

7. Ngom PJ, Diagne F, Aidara-Tamba AW, Sene A. Relationship between
orthodontic anomalies and masticatory function in adults. American journal of

orthodontics and dentofacial orthopedics : official publication of the American

17



18

Association of Orthodontists, its constituent societies, and the American Board of
Orthodontics. 2007;131(2):216-22.

8. Pontigo-Loyola AP, Medina-Solis CE, Borges-Yanez SA, Patino-Marin N, Islas-
Marquez A, Maupome G. Prevalence and severity of dental caries in adolescents
aged 12 and 15 living in communities with various fluoride concentrations. Journal
of public health dentistry. 2007;67(1):8-13.

9. Irigoyen ME, Mejia-Gonzalez A, Zepeda-Zepeda MA, Betancourt-Linares A,
Lezana-Fernandez MA, Alvarez-Lucas CH. Dental caries in Mexican schoolchildren: a
comparison of 1988-1989 and 1998-2001 surveys. Medicina oral, patologia oral y
cirugia bucal. 2012;17(5):e825-32.

10. Sanchez-Perez L, Irigoyen-Camacho ME, Molina-Frechero N, Mendoza-Roaf P,
Medina-Solis C, Acosta-Gio E, et al. Malocclusion and TM] disorders in teenagers
from private and public schools in Mexico City. Medicina oral, patologia oral y
cirugia bucal. 2013;18(2):e312-8.

11.  Daniels C, Richmond S. The development of the index of complexity, outcome
and need (ICON). Journal of orthodontics. 2000;27(2):149-62.

12.  Samsonyanova L, Broukal Z. A systematic review of individual motivational
factors in orthodontic treatment: facial attractiveness as the main motivational
factor in orthodontic treatment. International journal of dentistry.
2014;2014:938274.

13. Reichmuth M, Greene KA, Orsini MG, Cisneros GJ, King GJ], Kiyak HA. Occlusal
perceptions of children seeking orthodontic treatment: impact of ethnicity and

socioeconomic status. American journal of orthodontics and dentofacial orthopedics

18



19

: official publication of the American Association of Orthodontists, its constituent
societies, and the American Board of Orthodontics. 2005;128(5):575-82.

14. Palomares NB, Celeste RK, Oliveira BH, Miguel JA. How does orthodontic
treatment affect young adults' oral health-related quality of life? American journal of
orthodontics and dentofacial orthopedics : official publication of the American
Association of Orthodontists, its constituent societies, and the American Board of
Orthodontics. 2012;141(6):751-8.

15. McNamara JA, Jr., Seligman DA, Okeson JP. Occlusion, Orthodontic treatment,
and temporomandibular disorders: a review. Journal of orofacial pain.
1995;9(1):73-90.

16.  Liu Z, McGrath C, Hagg U. The impact of malocclusion/orthodontic treatment
need on the quality of life. A systematic review. The Angle orthodontist.
2009;79(3):585-91.

17.  Jarvinen S. Indexes for orthodontic treatment need. American journal of
orthodontics and dentofacial orthopedics : official publication of the American
Association of Orthodontists, its constituent societies, and the American Board of
Orthodontics. 2001;120(3):237-9.

18. Hassan AH, Amin Hel S. Association of orthodontic treatment needs and oral
health-related quality of life in young adults. American journal of orthodontics and
dentofacial orthopedics : official publication of the American Association of
Orthodontists, its constituent societies, and the American Board of Orthodontics.

2010;137(1):42-7.

19



20

19. Elderton R], Clark JD. Orthodontic treatment in the General Dental Service
assessed by the Occlusal Index. British journal of orthodontics. 1983;10(4):178-86.
20.  Medina-Solis CE, Maupome G, Avila-Burgos L, Hijar-Medina M, Segovia-
Villanueva A, Perez-Nunez R. Factors influencing the use of dental health services by
preschool children in Mexico. Pediatric dentistry. 2006;28(3):285-92.

21. Medina-Solis CE, Villalobos-Rodelo J], Marquez-Corona Mde L, Vallejos-
Sanchez AA, Portillo-Nunez CL, Casanova-Rosado A]. [Socioeconomic inequalities in
the use of dental services: a study of Mexican schoolchildren aged 6 to 12 years].
Cadernos de saude publica. 2009;25(12):2621-31.

22.  Vallejos-Sanchez AA, Medina-Solis CE, Minaya-Sanchez M, Villalobos-Rodelo
J], Marquez-Corona ML, Islas-Granillo H, et al. Maternal characteristics and
treatment needs as predictors of dental health services utilisation among Mexican
school children. European journal of paediatric dentistry : official journal of
European Academy of Paediatric Dentistry. 2012;13(4):307-10.

23.  Hall G PH. In Indegenous Peoples, Poverty and Human Development in Latin
America: 1994-2004. Great Britain: Palgrave Macmillan Publishers. 2005.

24, Mayer-Foulkes D LC. Racial and ethnic health inequities: Bolivia, Brazil,
Guatemala, Peru. In Racial and ethnic disparities in health in Latin America and the
Caribbean. Inter-American Development Bank, Social Protection and Health
Division, Country Department, Andean Group. 2007:6.

25. Montenegro RA SC. Indigenous Health in Latin America and the Caribbean.

Lancet. 2006(367):10.

20



21

26. A G. Racial and ethnic disparities in health in Latin America and the
Caribbean: a survey. Inter-American Development Bank. 2007;1:23.

27.  International MRG. World Directory of Minorities and Indigenous Peoples
2005.

28.  (MRGI) MRGI. World directory of minorities and indigenous peoples—
Uruguay: Overview. 2007.

29.  (INEGI) INdAEGel. Principales resultados del Censo de Poblacion y Vivienda
del 2010. 2010.

30. (CONAPO) CNdP. Republica Mexicana: Indicadores demograficos de la
poblacién indigena, 2000-2010. 2013.

31.  (CDI) CNpeDdIPI. Regiones indigenas de México. . 2015.

32.  Giovannelli C. Nuestro Mexico. 2005.

33.  (CDI) CNpeDdIPI. Los hogares y la poblacién indigena. 2015.

34. CF B. The modified dental caries index. ] Am Dent Assoc. 1939;26:7.

35. M L. Has dental caries prevalence some connection with caries index values
in adults? Caries Res 2010;44(1):3.

36. EH A. Classification of malocclusion. Dental Cosmos 1899;41:16.

37.  Silva RG KD. Prevalence of malocclusion among Latino adolescents. American
journal of orthodontics and dentofacial orthopedics : official publication of the
American Association of Orthodontists, its constituent societies, and the American

Board of Orthodontics. 2001;119:2.

21



22

38. [. Petersen PEIB, Ramon J. III.. 1. Oral health surveys. 2. Dental health. 3. Data
collection. 4. Oral health surveillance. World Health Organization. 2013;0ral health
surveys: basic methods - 5th ed.

39.  Foster-Page LA TW. Caries prevalence, severity, and 3-year increment, and
their impact upon New Zealand adolescents' oral-health-related quality of life.
Journal of public health dentistry. 2012;72(4):7.

40. Maupome G, Martinez-Mier EA, Holt A, Medina-Solis CE, Mantilla-Rodriguez
A, Carlton B. The association between geographical factors and dental caries in a
rural area in Mexico. Cadernos de saude publica. 2013;29(7):1407-14.

41. Hernandez FQ, Rosales, C.L. . Indios de Chiapas: Mames de Chiapas Comision
Nacional para el Desarrollo de los Pueblos Indigenas (CDI). 2006.

42.  Dufoo S MG, Diez de Bonilla ] et al.. Caries experience in a selected patient
population in Mexico City. Community dentistry and oral epidemiology. 1996;24:2.
43. Guido ] MM, E, Soto A et al.. Caries prevalence and its association with
brushing habits, water availability, and the intake of sugared beverages.
International journal of pediatric dentistry. 2011;21:8.

44.  Garcia-Cortes ] M-SC, Loyola-Rodriguez | et al. Dental caries’ experience,
prevalence and severity in Mexican adolescents and young adults. Rev salud publica
11(1):9.

45. Barquera S CF, Bonvecchio A, Hernandez-Barrera L, Rivera JA, Popkin BM.

Caloric beverage consumption patterns in Mexican children. Nutr J. 2010;9.

22



23

46. Marshall TA BB, Eichenberger-Gilmore JM, Warren J], Cunningham MA, Levy
SM. The role of meal, snacks and daily total food and beverages exposure on caries
experience in young children. ] Pub Health Dent 2005;65:7.

47. Cook SL M-ME, Dean JA et al. Dental caries experience and association to risk
indicators of remote rural populations. International journal of paediatric dentistry
/ the British Paedodontic Society [and] the International Association of Dentistry for
Children. 2008;18:8.

48. Proffit WR, Fields HW, Jr., Moray L]. Prevalence of malocclusion and
orthodontic treatment need in the United States: estimates from the NHANES III
survey. The International journal of adult orthodontics and orthognathic surgery.
1998;13(2):97-106.

49, El-Gheriani AA MB, El-Gheriani AS, Sciote J], Abu-Shahba FA, Al-Azemi R, et al.
Segregation analysis of mandibular prognathism in Libya. Journal of dental research.
2003;82:4.

50. Cruz RM KH, Ferreira R, Mah |, Hartsfield ], Jr, Oliveira S. . Major gene and
multifactorial inheritance of mandibular prognathism. Am ] Med Genet 2008;146:6.
51.  Frazier-Bowers S R-RR, Zhou ], Alexander K, Lange E. Evidence of linkage in a
Hispanic Cohort with a class III dentofacial phenotype. ] Dent Res. 2009;88(1):4.

52.  HS H. A study of occlusal relations in 10 to 12 year old Caucasian and Negro
children: summary report. International dental journal. 1970:12.

53.  Garner LD BM. Malocclusion in black Americans and Nyeri Kenyans: an

epidemiologic study. The Angle orthodontist. 1985;55:7.

23



24

54, Lew KK FW, Loh E. . Malocclusion prevalence in an ethnic Chinese
population. Aust Dent J. 1993;38:7.

55.  ]J.Warren RLS, S.E. Bishara, S.M. Levy, T. Yonezu, M.]. Kanellis. . Effects of
nonnutritive sucking habits on occlusal characteristics in the mixed dentition.
Pediatric dentistry. 2005;27:5.

56. S.R. Hebling KLC, E.P. Tagliaferro, E. Hebling, G.M. Ambrosano, C. Meneghim
Mde, et al. Relationship between malocclusion and behavioral, demographic and
socioeconomic variables: a cross-sectional study of 5-year-olds. ] Clin Pediatr Dent.
2008;33:4.

57. M. Mtaya PB, A.N. Astrom. Prevalence of malocclusion and its relationship
with socio-demographic factors, dental caries, and oral hygiene in 12- to 14-year-old
Tanzanian schoolchildren. European journal of orthodontics. 2009;31:9.

58.  ].P.Evensen BO. Are malocclusions more prevalent and severe now? A
comparative study of medieval skulls from Norway

. American journal of orthodontics and dentofacial orthopedics : official publication
of the American Association of Orthodontists, its constituent societies, and the

American Board of Orthodontics. 2007;131:6.

24



25

Publishing Agreement

1t is the policy of the University to encourage the distribution of all theses,
dissertations, and manuscripts. Copies of all UCSF theses, dissertations, and
manuscripts will be routed to the library via the Graduate Division. The library will
make all theses, dissertations, and manuscripts accessible to the public and will
preserve these to the best of their abilities, in perpetuity.

Please sign the following statement:

1 hereby grant permission to the Graduate Division of the University of California, San
Francisco to release copies of my thesis, dissertation, or manuscript to the Campus
Library to provide access and preservation, in whole or in part, in perpetuity.

7 S ORf—~—_ 6/12/15

Author ﬁ(gnature ¢\ Date

25


25

25




