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Abstract 
Multilevel analysis which was primarily introduced to deal with hierarchical data was later 

applied extensively for research in other fields of science and not only for nested data, but 

also for repeated measurements or clustered trials. This method of statistical analysis was 

applied in dental studies in the 1991 for the first time but despite its value for data analysis 

in dental studies, its application for dental studies remains limited until now. This 

manuscript reviews the applications of this method in dental studies. 
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INTRODUCTION 

Multilevel analyses are attempted to find correlations 

among variables that have a hierarchical or nested 

nature. They are aimed at eliminating the problems 

due to the shortcomings of traditional analyses in 

perceiving the correlations among variables at 

different levels [1]. This type of analysis was first 

introduced by Aitkin et al, [2] in the early 1980 

for the purpose of educational assessment for 

nested data. It was later applied extensively for 

research in other fields of science and not only 

for nested data, but also for repeated measurements 

or clustered trials [3]. 

In dentistry, multilevel models were first applied 

in 1991 for the assessment of craniofacial growth 

curves for orthodontic purposes [4]. Although the 

nature of most data in dental research is 

compatible with such analyses, they have been 

rarely used in studies. Figure 1 shows the number 

of dental articles published in PubMed during 

1991-2013 that used multilevel analysis. In the 

mentioned time period, multilevel analysis was 

used in only 233 articles; out of which, 42 had 

 

been published in non-dental and 191 in 45 

dental journals. Number of dental and non-dental 

journals that published multilevel model dental 

papers in this time period is shown in Figure 2. A 

noteworthy issue is that of 191 papers published 

in dental journals, 155 had been published in 

specialty journals in the fields of periodontics, 

orthodontics and oral health and community 

dentistry and a total of 184 articles were in the 

mentioned three fields. Also, 91 articles had been 

published in six and 123 papers in 10 specific 

journals. Therefore, it seems that using 

multilevel analysis is by invitation and demand 

of reviewers and editors of specific journals 

familiar with this method rather than being the 

choice of researchers. 

All that said, with the presumption of lack of 

familiarity of dental researchers with multilevel 

analysis and its applications despite the passage 

of many years since its introduction, this study 

sought to reintroduce this model by setting examples 

of its different applications in dental research. 
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Fig. 1: Number of dental articles with multilevel analysis (MLM articles) published in PubMed from 1991 to the end of 2013 

 

Although the aim of this study is not providing 

the mathematical model of multilevel analysis or 

discussing its different types and characteristics, 

for the purpose of primary acquaintance, we offer 

a simplified definition of this model. 

In unilevel (ordinary) regression model, the 

following formula is used to assess the effect of 

variable X on factor Y. 

Yi = β0 + β1Xi + ei 

Where β0 is a fixed amount, β1 is the slope in the 

conditional regression model for Y |X and e is the 

estimated error rate. If in this model, several Xj (from 

X1 to Xn) are used instead of one independent 

variable, the model will be in the following form: 

Yi = β0 + ∑βjXij + ei 

Assuming that in studies with hierarchical data, a 

higher-level variable affects the lower-level 

ones, the equation can be written in such way that 

all elements in the equation are influenced by the 

upper level variable. It means that, for each 

amount of the higher level variable, the coefficients 

of the equation will change. In other words, instead 

of one equation, we will have a separate equation for 

each amount of the higher-level variable.  

Assume that in your study, you want to assess the 

effect of oral hygiene instruction (ME) on plaque 

index (PI) of students. To simplify the model in 

this study, we only consider one covariate i.e. 

age. In this case, the suggested model for unilevel 

regression analysis would be as follows: 

Yi = β0 + β1age + β2ME + ei 

If this study was carried out as clustered in 

different schools, in order to assess the effect of 

type of school in the model, for each of the β0, β1 

and β2 coefficients in the multilevel equation, the 

effect of type of school variable (S) would also 

be taken into account as follows: 

β0 = δ00 + δ01Sj + U0j 

β1 = δ10 + δ11Sj + U1j 

β2 = δ20 + δ21Sj + U2j
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Fig. 2: Number of dental articles published in dental and non-dental journals in PubMed from 1991 to the end of 2013 

using multilevel analysis (MLM articles) 

 

Thus, for each type of school, a different 

equation is created to assess the effect of type of 

intervention on PI of students at different ages. 

Such change in coefficients of the equation can 

well justify the difference in the efficacy of 

education in different schools. One advantage of 

this model is that by using a specific type of this 

model known as variance component model, we can 

find out the percentage of the changes of a 

dependent variable that occur at each level. In the 

aforementioned example, it can be found that how 

much of the change in PI is due to the individual 

changes and how much is due to differences 

between students of different schools [3]. 

 

Hierarchical data: 

In dentistry, similar to other fields of science, 

health-related outcomes and health or disease 

status occur as the result of the interaction effect 

between the individuals and their surrounding 

environment. These factors are known as the 

social determinants of health and in order to 

recognize them and evaluate their effect on oral 

health, multilevel models must be applied. 

In the domains of oral health and community 

dentistry, social factors are important 

determinants of the risk of tooth decay. “There 

are several reasons why neighborhood 

environment may affect dental caries in negative 

and positive ways. Availability of, and access to, 

healthy foods may differ across areas, as may 

availability and access to dental care” [5]. 

Detecting the effect of these factors and their 

interaction with individual risk factors requires 

multilevel analysis.  

Tellez et al, [5] in their study found that the 

likelihood of caries development was lower in 

areas with higher number of churches; whereas, 
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risk of caries development increased in areas 

with higher number of grocery stores. However, 

in some investigations, despite the conduction of 

multilevel analysis, the effect of factors in higher 

than individual levels is found to be insignificant 

and the analysis eventually turns into a unilevel 

regression analysis [6]. Nonetheless, first the 

effect of social factors must be assessed in 

multilevel models because the magnitude of the 

effects of factors at the social level is variable in 

different communities and must be measured. 

Moreover, the effect of variables at both 

individual and social levels on developing 

hygiene habits like tooth brushing can be 

evaluated in such studies. For instance, a study 

conducted in Pretoria in 2009 demonstrated that 

the effect of school grade variable on frequency 

of tooth brushing decreased while the age 

increased from 11 to 15 [7].  

Multilevel modeling has also been applied to 

estimate the effect of individual and social 

parameters on the likelihood of developing 

periodontal disease [8] or the prevalence of pain 

[9, 10]. These models are especially important 

when assessing the effect of social factors on 

diseases, in which environmental factors play a 

more serious role like fluorosis [11]. 

Both individual and social factors play a role in 

development of caries but despite the fact that all 

teeth are located in the same environment, the 

oral cavity, carious lesions occur in some of them 

and other teeth remain intact, at least by the time 

of examination. Such differences confirm the 

theory of the effect of some factors at a lower 

than individual level on development of caries. 

These variables can be related to the anatomical 

form of the teeth, their location in the jaw and 

dental arch, class of malocclusion and even 

presence of crowding; because the location of 

accumulated microbial plaque also affects the 

efficacy of plaque removal. Presence of such 

variables necessitates the use of multilevel 

models to study the behavior of tooth decay and 

investigate the effect of variables at lower than 

individual levels namely at the level of tooth or 

even tooth surface [12]. Barga et al. [13] used this 

statistical approach and evaluated the effect of 

different factors at the individual and tooth levels 

on presence of active caries in the occlusal 

surface of the primary teeth. 

In studies related to periodontal disease, 

variables must be evaluated at a lower than 

individual level. Muller [14] in 2009 compared 

unilevel and multilevel regression models to 

assess the correlation of gingival thickness and 

width and demonstrated that although this 

correlation was not significant in unilevel model, 

multilevel model was capable of detecting it 

considering covariates at the individual and tooth 

levels. Moreover, the likelihood ratio of the 

model significantly increased; in other words, 

multilevel model had a higher model fitness. For 

the same reason, multilevel analysis is also 

recommended to assess implant treatment 

success rate [15]. 

For assessment of periodontal parameters such as 

pocket depth, data are evaluated at a level smaller 

than the tooth. For instance, periodontal pocket 

depth or clinical attachment level are usually 

measured and reported in six points around the 

teeth. Thus, for the assessment of periodontal 

status, we need to define a level lower than the 

tooth level, known as the site level. Axtellius et 

al, [16] in 1999 set a practical example and 

showed that taking into account the three levels 

of site, tooth and individual, using multilevel 

model is necessary for the assessment of 

pathogenesis and progression of periodontal 

disease. 

In randomized clinical trials where a therapeutic 

or preventive intervention for periodontal disease 

is performed at the individual or tooth level, 

using multilevel models can be a suitable 

solution in order to indicate the effect of all 

variables at all levels taking into account the site 

specific nature of outcome variables [17-19].  

In clinical trials where the operator is more than 

one person, another level can be defined and 



 J Dent (Tehran)                                                                                                                                         Kharazifard et al 

356                                                                   www.jdt.tums.ac.ir                                       November 2017; Vol.14, No.6 

added to the model as the operator level. By 

doing so, the effect of operator’s skills and 

expertise can be assessed as well [20]. 

 

 

Multistage sampling and clustered trials: 

In descriptive studies with multistage sampling, 

subjects within clusters show a more similar 

response than those outside the cluster due to the 

similarities in demographic and environmental 

variables. As the result, in spite of equal sample 

size, variance in this method of sampling is 

different from that of single-stage sampling. In 

order to solve this problem, it should be 

determined that what percentage of the changes 

is related to the cluster effect. For this purpose, 

variance inflation factor is calculated taking into 

account the intraclass correlation coefficient of 

specimens inside a cluster. To put it simply, the 

greater the degree of similarity of samples inside 

a cluster compared to those out of the cluster, the 

higher the variance inflation factor. The effect of 

each level on the rate of variance can be detected 

using a basic multilevel model called the variance 

component model. Moreover, using multilevel 

models, the effect of each variable at the individual 

(i.e. demographic variables) and cluster (i.e. place of 

residence or neighborhood) levels on the response 

variable can be assessed [21].  

In randomized clustered trials where the 

intervention is performed at a level other than the 

individual level, samples inside a cluster are 

expected to show a more similar response than 

samples in a different cluster. In such studies, the 

effect of intervention is overestimated compared 

to individual-based trials due to the afore-

mentioned intragroup similarity. To avoid such 

bias, multilevel analysis should be applied and 

two levels namely individual and cluster levels 

must be defined. Yekaninejad et al. [22] 

evaluated the effect of oral hygiene instruction at 

school on the frequency of tooth brushing using 

multilevel analysis. 

In addition to qualitative and quantitative data 

analysis, multilevel models can also be used for 

survival data analysis. Multilevel survival data 

models can also be used for the assessment and 

comparison of the longevity of dental restorations; 

for example, assessment of the durability of 

amalgam restorations of different teeth in the same 

patient by considering the tooth and dependent 

factors as level 1 and the individual as level 2 [23]. 

Furthermore, Stephenson et al. [24] applied this 

model to compare two competing risks of 

primary teeth extraction due to caries and 

exfoliation at two levels of tooth and individual 

and to detect the factors affecting severe caries of 

primary teeth. Gilthorpe et al. [25] assessed the 

survival of amalgam restorations using a three-

level model. In their study, similar to the one by 

Kopperud et al, [23] two levels of individual and 

tooth were considered in the model. However, as 

the lowest level, the effect of restoration 

replacement variable was also assessed. It means 

that the model offered separate equations for the 

primary and secondary restorations. 

 

Repeated measures: 

One application of multilevel models is for the 

analysis of repeated measures in longitudinal 

studies. In such studies, a measurement or index 

is assessed in several visits or follow up sessions 

during a specific time period. One response is 

obtained at each time point. Assessment of these 

changes in a specific time period can be done 

using repeated measures analysis. For instance, 

repeated measures ANOVA can be applied for 

analyzing continuous, quantitative variables. 

Multilevel models have been introduced as a tool 

for such variables. In these types of models, 

measurements at each time point are considered 

as level 1 and the individual or specimen is 

considered as the level 2 of the analysis.  

In dentistry, like in other fields of biomedical 

sciences, longitudinal studies are carried out with 

frequent assessment time points and follow ups. 

These studies have a wide spectrum in different 

types of methodologies ranging from pure 
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descriptive to multiple follow up clinical trials or 

even multi-stage in vitro studies. 

Longitudinal assessment of growth during a 

specific time period is an example of descriptive 

studies. In these studies, growth curve can be 

estimated based on anthropometric measures. 

For almost 10 years in the late 20th century, the 

only application of multilevel analysis in dental 

research was limited to the estimation of 

craniofacial growth equations [26]. These 

equations were fitted based on age variable and 

in the form of curves with fifth and fourth order 

equations of age variable rather than a linear 

equation [26,27]. Although at first studies merely 

estimated the growth curves, later studies 

investigated the effect of demographic variables 

as well [28]. Also, Barrera et al. [29] used this 

model to assess changes in the masticatory 

function during the period of growth and 

development. 

These models can also be used in clinical trials 

with multiple follow up sessions. For instance, 

this model was applied to compare root coverage 

in two methods of coronally advanced flap in a 

split-mouth, randomized controlled trial during 

14 years [30]. 

In some longitudinal studies, data at each time 

point have a hierarchical nature. In such cases, 

time, as the lowest level, can be entered into the 

multilevel regression model [31]. Gilthorpe et al. 

[32] conducted a longitudinal study on 

periodontal patients to test the accuracy of two 

theories regarding the mechanism of periodontal 

disease progression. They applied a 4-level 

(repeated measurement, site, tooth, subject) 

multilevel model to assess the trend of changes 

in pocket depth.  

The understudy sample can be human, animal or 

even laboratory experiments, and multilevel 

models can be used as long as several follow ups 

are made. A few recent studies have used 

multilevel models for the analysis of data with 

several follow up sessions in animal models. For 

instance, Liu et al, [33] in 2010 used this method 

of analysis to compare the effect of continuous 

and intermittent load on suture expansion in New 

Zealand white juvenile male rabbits at different 

time points. This method has also been used in in 

vitro studies to compare the microbial colony 

count in the water flow of dental units at different 

time points [34].  

In laboratory study designs or repeated measures, 

crossover or paired-data trials, multilevel models 

can be applied based on the assumption of 

repeated data of each specimen at two time points 

or two different areas of a specimen. Tang et al. 

[35] used this method of analysis to compare the 

masticatory function in two- and four-implant 

supported overdentures. In a crossover, randomized 

trial, they fabricated two types of overdentures for 

patients and compared the masticatory function of 

patients in the two groups at three different time 

points with five foods. In this three-level model, 

the tested food products comprised level 1, time 

of assessment comprised the 2nd level and the 

overdenture design was the 3rd level. A similar 

approach was used in a split-mouth animal study [36]. 

In many cases, both multilevel and unilevel 

repeated measure models can be used for the 

analysis of repeated data. Even in many cases, 

unilevel repeated measure analyses are preferred 

to multilevel models due to their easy application 

and interpretation. However, the weakness of 

unilevel model is the necessity of presence of 

data at all follow ups. If a sample does not show 

up in one follow up, that specimen must be 

totally excluded from the analysis or that specific 

data must be imputed with specific methods. 

Applicability of multilevel model in such cases is 

a strength point of this model for the analysis of 

repeated data. Furthermore, multilevel models 

can be easily applied to different types of 

variables; while unilevel models have some 

limitations for ordinal or count data variables. 

Multilevel models are more suitable for the 

assessment of the effect of explanatory variables 

and the interaction of outcomes compared to 

single level analysis [3, 37]. 
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In cases where several response variables are 

derived from a series of specimens, considering 

the fact that all responses are derived from a 

single series of specimens, the hypothesis of 

independence of data is rejected and separate 

analysis of each variable increases α error. Thus, 

multiple response studies can be considered as a 

variant of repeated measures and multilevel 

models can be applied for data analysis in these 

cases. In such studies, the response variables 

comprise the level 1 and the study samples 

comprise the level 2. For instance, Pereira et al. 

[38] used this model to assess the correlation of 

detectable plasmatic HIV viral load with the 

accumulation of 35 microorganisms at the 

subgingival area in AIDS patients. 

 

Diagnostic studies and validity measurements: 

In studies assessing clinical diagnostic techniques, 

particularly for caries detection, data have a 

hierarchical nature; because when comparing 

diagnostic methods, whether the aim is to assess 

validity or reliability, assessments are done on 

single series of samples; which makes the 

comparison of different techniques difficult with 

the conventional analytical methods. In caries 

detection clinical studies, the reproducibility of 

caries detection can be evaluated at the three levels 

of individual, tooth and surface [39].  

 

Systematic reviews: 

In systematic reviews, researchers try to combine 

the results of different studies in order to draw a 

general conclusion. Thus, considering the two 

levels of sample and study, multilevel models 

can be applied for data analysis. This method has 

one main advantage over the conventional meta-

analysis methods; that is, studies reporting different 

results do not have to be necessarily excluded in case 

of heterogeneity of results; because all studies can be 

presented in a bi-level model [40]. 

In a systematic review aiming to assess orthodontic 

bond strength in-vitro, since the primary studies 

had been conducted by a few specific authors, the 

three-level model was used for data analysis [41]. 

 

CONCLUSION 

Introduction of multilevel models, due to their 

extensive applications, has revolutionized the 

analysis of study results in the fields of social 

sciences as well as medical sciences. In 

medicine, these models can be applied to all 

types of data retrieved from a wide range of 

studies from epidemiologic and descriptive to 

clinical trails and even laboratory experimental 

studies. By the advances in different multilevel 

models, they can now be applied to different 

outcome variables with linear regression, logistic 

regression [31], Poisson [42], negative binomial 

[43] and even survival data [23] models.  

At first, limited software programs were introduced 

for these analyses; but, at present, the majority of 

multilevel analyses can be performed by some 

software programs like SAS and R. Simpler 

multilevel models can even be accessed in 

conventional statistical software programs like 

SPSS and STATA. The noteworthy issue here, is 

the introduction of these methods, their 

principles, applications and advantages for data 

analysis and particularly presenting models that 

better fit the reality of biomedical phenomena 

than single level models. 

 

ACKNOWLEDGMENTS 

This study was part of a PhD thesis supported by 

Tehran University of Medical Sciences.  

 

REFRENCES 

1- Goldstein H. Multilevel statistical models. 4th ed., 

London, Wiley, 2011:24-58. 

2- Aitkin M, Anderson D, Hinde J. Statistical 

modeling of data on teaching styles. J Royal Statist 

Assoc. 1981 Jan;144:419-61. 

3-Hox, JJ. Multilevel analysis: Techniques and 

applications. 2nd ed., Routledge, New York, 2010:11-36. 

4- van der Beek MC, Hoeksma JB, Prahl-Andersen B. 

Vertical facial growth: a longitudinal study from 7 to 

14 years of age. Eur J Orthod. 1991 Jun;13(3):202-8. 



 Kharazifard et al                                                                                         Application of Multilevel Models in Dentistry                                                       

November 2017; Vol.14, No.6                                           www.jdt.tums.ac.ir                                                               359 

5- Tellez M, Sohn W, Burt BA, Ismail AI. Assessment 

of the relationship between neighborhood characteristics 

and dental caries severity among low-income 

African-Americans: A multilevel approach. J Public  

Health Dent. 2006 Mar;66(1):30-6. 

6- Wamala S, Merlo j, Bostrom G. Inequity in access  

to dental care services explains current socioeconomic 

disparities in oral health: The Swedish National 

Surveys of Public Health 2004–2005. J Epidemiol 

Community Health 2006 Dec;60(12):1027-33. 

7- Levin KA, Currie C. Inequalities in toothbrushing 

among adolescents in Scotland 1998-2006. Health 

Educ Res. 2009 Feb;24(1):87-97.  

8- Riberi Jordao LM, Vasconcelos DN, Moreira RS, 

Matias Freire MC. Individual and contextual 

determinants of periodontal health in 12-year-old 

schoolchildren in a Brazilian capital city. Int J Dent. 

2012;2012:325475.  

9- Santiago BM, Valenca AMG, Vettore MV. Social 

capital and dental pain in Brazilian northeast: a 

multilevel cross-sectional study. BMC Oral Health. 

2013 Jan 4;13:2.  

10-Peres MA, Peres KG, Frias AC, Antunes JLF. 

Contextual and individual assessment of dental pain 

period prevalence in adolescents: a multilevel 

approach. BMC Oral Health. 2010 Aug;10:20.  

11-Ferreira EF, Vargas AM, Castilho LS, Velásquez 

LN, Fantinel LM, Abreu MH. Factors associated to 

endemic dental fluorosis in Brazilian rural 

communities. Int J Environ Res Public Health. 2010 

Aug;7(8):3115-28. 

12- Aleksejūnienė J, Holst D, Brukienė V. Dental 

caries risk studies revisited: Causal approaches 

needed for future inquiries. Int J Environ Res Public 

Health. 2009 Nov 30;6(12):2992-3009. 

13-Braga MM, Martignon S, Ekstrand KR, Ricketts 

DN, Imparato JC, Mendes FM. Parameters associated 

with active caries lesions assessed by two different 

visual scoring systems on occlusal surfaces of 

primary molars – a multilevel approach. Community 

Dent Oral Epidemiol. 2010 Dec;38(6):549-58. 

14-Muller HP. Dealing with hierarchical data in 

periodontal research. Clin Oral Investig. 2009 

Sep;13(3):273-8. 

15-Gillot L, Noharet R, Buti J, Cannas B. A 

retrospective cohort study of 105 patients 

rehabilitated with immediately loaded mandibular 

cross-arch bridges in combination with immediate 

implant placement. Eur J Oral Implantol 2011 Sep;4(3): 

247–53. 

16- Axtelius B, Söderfeldt B, Attström R. A 

multilevel analysis of factors affecting pocket 

probing depth in patients responding differently to 

periodontal treatment. J Clin Periodontol. 1999 

Feb;26(2):67-76. 

17-Angst PD, Piccinin FB, Opperman RV, 

Marcantonio RA, Gomez SC. Response of molars and 

non-molars to a strict supragingival control in 

periodontal patients. Braz Oral Res. 2013 Jan-

Feb;27(1):55-60. 

18-Kim T-S, Schenk A, Lungeanu D, Reitmeir P, 

Eickholz P. Nonsurgical and surgical periodontal 

therapy in single-rooted teeth. Clin Oral Investig. 

2007 Dec;11(4):391-9.  

19-Wan CP, Leung WK, Wong MC, Wong RM, Wan 

P, Lo EC, et al. Effects of smoking on healing 

response to non-surgical periodontal therapy: a 

multilevel modelling analysis. J Clin Periodontol. 

2009 Mar;36(3):229-39.  

20-Pini-Parto GP, Cairo F, Nieri M, Franceschi D, 

Rotondo R, Cortellini P. Coronally advanced flap 

versus connective tissue graft in the treatment of 

multiple gingival recessions: a split-mouth study with 

5-year follow-up. J Clin Periodontol. 2010 Jul;37(7):644-50.  

21-Piovesan C, Antunes JL, Mendes FM, Guedes RS, 

Ardenghi TM. Influence of children's oral health-

related quality of life on school performance and 

school absenteeism. J Public Health Dent. 2012 

Spring;72(2):156-63. 

22-Yekaninejad MS, Eshraghian MR, Nourijelyani 

K, Mohammad K, Foroushani AR, Zayeri F, et al. 

Effect of a school-based oral health-education 

program on Iranian children: results from a group 

randomized trial. Eur J Oral Sci. 2012 Oct;120(5):429-37. 

23-Kopperud SE, Tveit AB, Gaarden T, Sandvik L, 

Espelid I. Longevity of posterior dental restorations 

and reasons for failure. Eur J Oral Sci. 2012 

Dec;120(6):539-48.  



 J Dent (Tehran)                                                                                                                                         Kharazifard et al 

360                                                                   www.jdt.tums.ac.ir                                       November 2017; Vol.14, No.6 

24-Stephensen J, Chadwick BL, Playle RA, Treasure 

ET. Modelling childhood caries using parametric 

competing risks survival analysis methods for clustered  

data. Caries Res 2010;44:69-80. 

25-Gilthorpe MS, Mayhew MT, Bulman JS. 

Multilevel survival analysis of amalgam restorations 

amongst RAF personnel. Community Dent Health. 

2002 Mar;19(1):3-11. 

26-Van Der Beek MC, Hoeksma JB, Prahl-Andersen 

B. Vertical facial growth and statural growth in girls: 

a longitudinal comparison. Eur J Orthod. 1996 

Dec;18(6):549-55. 

27- Buschang PH, Santos-Pinto A, Demirjian A. 

Incremental growth charts for condylar growth between 6 

and 16 years of age. Eur J Orthod. 1999 Apr;21(2):167-73. 

28- Arboleda C, Buschang PH, Camacho JA, Botero P, 

Roldan S.  A mixed longitudinal anthropometric study of 

craniofacial growth of Colombian mestizos 6–17 years of 

age. Eur J Orthod 2011 Nov;33(4):441-9. 

29-Barrera LM, Buschang PH, Throckmorton GS, 

Roldán SI. Mixed longitudinal evaluation of masticatory 

performance in children 6 to 17 years of age. Am J 

Orthod Dentofacial Orthop. 2011 May;139(5): e427-34. 

30-Pini Prato G, Rotundo R, Franceschi D, Cairo F, 

Cortellini P, Nieri M. 14-year outcomes of coronally 

advanced flap for root coverage: Follow-up from a 

randomized trial. J Clin Periodontol. 2011 Aug;38(8): 

715-20.  

31-Mdala I, Haffajee AD, Socransky SS, de Blasio 

BF, Thoresen M, Olsen I, et al. Multilevel analysis of 

clinical parameters in chronic periodontitis after root 

planing/scaling, surgery, and systemic and local antibiotics: 

2-year results. J Oral Microbiol. 2012;4: 10.3402/jom. 

v4i0.17535 

32- Gilthorpe MS, Zamzuri AT, Griffiths GS, Maddick 

IH, Eaton KA, Johnson NW. Unification of the "burst" 

and "linear" theories of periodontal disease progression: 

a multilevel manifestation of the same phenomenon. J 

Dent Res. 2003 Mar;82(3):200-5. 

33- Liu SS, Kyung HM, Buschang PH. Continuous forces 

are more effective than intermittent forces in expanding 

sutures. Eur J Orthod. 2010 Aug;32(4):371-80. 

34-Barbeau J, Tanguay R, Faucher E, Avezard C, 

Trudel L, Cote L, et al. Multiparametric analysis of  

aterline contamination in dental units. Appl Environ  

Microbiol. 1996 Nov;62(11):3954-9. 

35-Tang L, Lund JP, Taché R, Clokie CM, Feine JS. 

A within-subject comparison of mandibular long-bar 

and hybrid implant-supported prostheses: evaluation 

of masticatory function. J Dent Res. 1999 

Sep;78(9):1544-53. 

36-Ramirez-Echave JI, Buschang PH, Carrillo R, 

Rossouw PE, Nagy WW, Opperman LA. Histologic 

evaluation of root response to intrusion in mandibular 

teeth in beagle dogs. Am J Orthod Dentofacial 

Orthop. 2011 Jan;139(1):60-9.  

37-Gilthorpe MS, Cunningham SJ. The application of 

multilevel, multivariate modelling to orthodontic 

research data. Community Dent Health. 2000 

Dec;17(4):236-42. 

38-Pereira VT, Pavan P, Souza RC, Souto R, Vettore 

MV, Torres SR, et al. The association between 

detectable plasmatic HIV viral load and different 

subgingival microorganisms in HIV-infected 

Brazilian adults: A multilevel analysis. J Periodontol. 

2014 May;85(5):697-705.  

39- Agbaje JO, Mutsvari T, Lesaffre E, Declerck D. 

Measurement, analysis and interpretation of examiner 

reliability in caries experience surveys: some methodological 

thoughts. Clin Oral Investig. 2012 Feb;16(1):117-27. 

40-Lewsey JD, Gilthorpe MS, Gulabivala K. An 

introduction to meta-analysis within the framework 

of multilevel modelling using the probability of 

success of root canal treatment as an illustration. 

Community Dent Health. 2001 Sep;18(3):131-7. 

41-Finnema KJ, Ozcan M, Post WJ, Ren Y, Dijkstra 

PU. In-vitro orthodontic bond strength testing: a 

systematic review and meta-analysis. Am J Orthod 

Dentofacial Orthop. 2010 May;137(5):615-22.   

42-  Mdala I, Haffajee AD, Socransky SS, de Blasio BF, 

Thoresen M, Olsen I, et al. Multilevel analysis of bacterial 

counts from chronic periodontitis after root planing/scaling, 

surgery, and systemic and local antibiotics:2-year results. J 

Oral Microbiol. 2013 ;5:10.3402/jom.v5i0.020939.  

43- Celeste RG, Fritzel J, Nadanovsky P. The relationship 

between levels of income inequality and dental caries and 

periodontal diseases. Cad Saude Publica. 2011 

Jun;27(6):1111-20.   


