ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/371340601

Multilevel modeling techniques to study the impact of environmental changes
on human face development.

Conference Paper - December 2022

CITATIONS READS
0 3
3 authors:
Ménica Amorim y Joana Godinho
s University of Lisbon University of Lisbon
6 PUBLICATIONS 19 CITATIONS 16 PUBLICATIONS 44 CITATIONS
SEE PROFILE SEE PROFILE

0 Teresa Oliveira
Universidade Aberta
127 PUBLICATIONS 125 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

et Anatomy of the urinary system View project

poject  SPM-LISTA A View project

All content following this page was uploaded by Monica Amorim on 06 June 2023.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/371340601_Multilevel_modeling_techniques_to_study_the_impact_of_environmental_changes_on_human_face_development?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/371340601_Multilevel_modeling_techniques_to_study_the_impact_of_environmental_changes_on_human_face_development?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Anatomy-of-the-urinary-system?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/SPM-LISTA-A?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Monica-Amorim-2?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Monica-Amorim-2?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Lisbon?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Monica-Amorim-2?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joana-Godinho-2?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joana-Godinho-2?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Lisbon?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Joana-Godinho-2?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Teresa-Oliveira-4?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Teresa-Oliveira-4?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidade_Aberta?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Teresa-Oliveira-4?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Monica-Amorim-2?enrichId=rgreq-71742e2b81aaab5d8724fa461d260643-XXX&enrichSource=Y292ZXJQYWdlOzM3MTM0MDYwMTtBUzoxMTQzMTI4MTE2NTc5NTE0N0AxNjg2MDg0OTk2MTYw&el=1_x_10&_esc=publicationCoverPdf

Multilevel modeling techniques to study the impact of environmental changes on
human face development

Moénica Amorim!, Joana Godinho?, Teresa Oliveira!

!Universidade Aberta, Rua da Escola Politécnica 141, Lisboa
2Universidade de Lisboa, Faculdade de Medicina Dentdria, Rua Prof. Teresa Ambrosio, Lisboa

monica.amorim92@yahoo.com , joana.godinho@fmd.ulisboa.pt , teresa.oliveira@uab.pt

Abstract

Environmental changes leading to different growth patterns of allergenic species, longer pollen
seasons, deterioration of indoor and outdoor air quality have reportedly increased allergic rhinitis and
viral infections in children which may lead to facial growth problems. The airway has a relevant role
in the development of craniofacial structures, thus, in this work, we intended to model the mandibular
inclination in growing individuals, considering sagittal pharyngeal characteristics and other
craniofacial characteristics as predictors. Angular, linear and area measurements were performed
concerning the maxilla, mandible, cranio-cervical posture and upper airway at pre-peak, peak and
post-peak cephalograms, in a sample of 157 individuals with no history of orthodontic treatment.
Mandibular inclination (ML/NSL) was adjusted as a function of other craniofacial variables using a
longitudinal hierarchical linear model (MLH). Two relevant adjustments with random intercepts and
slopes were obtained for the time variable. Modelling with MLH allowed for the estimation of fixed
and random components at the individual level, the time level for ML/NSL and the influence of
certain predictors on the rate of change of ML/NSL throughout growth were explored. The application
of MLH is recommended to allow the incorporation of clinical and environmental variables during
growth and to better clarify the role of the airway in the development of craniofacial structures.

Keywords: Linear Hierarchical Model, Longitudinal Data, Cephalometry, Growth,
Airway.
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Iepiinyn

Ot mepBarAovTikéG aALoyEC TOV 001 YOOV GE OAPOPETIKA HOoTiPa avATTLENG OALEPYIOYOV®VY EOMV,
HEYOADTEPES EMOYEG YOPNG, EMOEIVMOOT TNG TOOTNTOS TOV OEPO. GE ECMTEPIKOVG KOt EEMTEPTIKOVG
YDOPOLG Exovv avapepOel OTL Egovv aENCEL TNV AAAEPYIKT PVITION KOl TIG 10YEVEIG AOUMEELS OTA
oL TOV UTOPEL vo. 00MNYNGOVY € TPOPANUATA OVATTUENG TOL TPOSMTOV. O agpaywyos £xel
OYETIKO POAO OTNV AVATTUEN TOV KPAVIOTPOSOTIKOV OOUDV, EMOUEVMOC, GE OLTH TNV EPYACia,
OKOTELOE VO LOVIEAOTOMGOLUE TNV KAlon NG KAt® Yvdbov o€ avamtuocOueve GTopa,
Aoppdvovtag vmoyn to ofelaic.  OPLYYIKA YOPOKTNPIOTIKG KOl GAAC  KPOVIOTPOCOTIKA
YOPOKTNPIOTIKE OC TPOYVOSTIKOVS Ttapdyovtes. [lpaypoatomomOnkay LeTpNoELS YOVIag, YPOUMKNG
Kot eupadod g ave yvabov, g Kdt® YvaBov, TG KPOVIOOWYEVIKNG GTACTG KAl TOV AVATEPOV
AEPAYWOYOV GE KEQPOAOYPALULOTO TPO-0YUNG, KOPVONG Ko LETA-0YUNG, o€ deiypa 157 atdpmv yopic
16TopIKd opBodovtikng Oepameiag. H khion ¢ kdtw yvabov (ML/NSL) mpocoppootnke og
oLUVAPTNON GAAMV KPOVIOTPOCHOTIK®OV UETAPANTAOV YPNOUOTOIOVTIOS £Va OLOUNKT  EPAPYLKO
ypappkd povtédo (MLH). AneOnkav 600 GYeTIKEG TPOGAPLOYEG e TUXOUES TOUEG KO KAMGELS Y10, TN
uetafinty ypovov. H povtedomoinon pe MLH emétpeye v extipunon otabepdv kot Tuyoimv
CULGTATIKAOV GE LELOVMUEVO EMIMEDO, diepevvnOnKay To xpoviko eninedo yio ML/NSL ko 1 enidopacn
OPICUEVOV TPOYVAOCTIK®V Topayoviov otov pulud petafoing tov ML/NSL og 6An v avamtoén.
H gpappoynq e MLH cuvvietdton yio va emtponet 1 EVOOUATOOT KAVIKOV Kot TEPIBOALOVIIKAOV
HETAPANTAOV KOTA TNV avATTLEN Kot Vo, OlEVKPIVICTEL KOAVTEPA O POLOG TOL AEPAYMOYOD GTNV
AVATTUEN TOV KPOVIOTPOGOTIKMOV SOUMDV.

Aééeigs Kigiowa: Tpoyyuro Iepopyixo Movtédo, diounxn Acoouéva, Kepotouetpio, Avarrtoly,
Agpaywyog.
JEL Koowkoi: 119

1. Introduction

In orthodontic data analysis it is common for the researcher to be faced with one or more
dependent variables measured over several variable time instants. These may be related to other
independent variables such as an orthodontic or surgical intervention or pathologies of interest, which
in turn may have to be controlled by gender, age and skeletal maturation.

One of the options for longitudinal data analysis is the Analysis of Variance for Repeated
Measures (RM-ANOVA). It requires, however, some assumptions that may be limiting, namely
verifying sphericity and normality in real data. The use of Generalized Linear Models may overcome
such limitations. With Hierarchical Linear Models (HLM) it is possible to include temporal effect on
the variability between evaluated instants, as well as effects of independent variables in the various
data levels, namely the instant, the individual and/or other characteristics that segregate these
individuals into distinct units (Finch ef al., 2019).

The purpose of this paper is to outlay theoretical fundamentals for HLM and demonstrate their
applicability through computational software on cephalometric data, specifically by modelling
mandibular inclination (ML/SNL) over time in regard to craniofacial, pharyngeal and posture
variables.
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2. Literature Review

2.1 The Biologic Standpoint

Actiology of orthodontic problems comprises three main factors: genetic, environmental, and
specific. An environmental factor is considered to be the set of forces to which the face, jaws and
teeth are subjected during physiological activity. These must be considered not only for diagnosis and
planning, but also for the stability of orthodontic treatment (Proffit e al., 2013). In this context, the
role of the airway in the growth and development of craniofacial structures has been widely debated
in scientific literature. Several cross-sectional and longitudinal studies support the existence of a
relationship between upper airway patency and the sagittal (anteroposterior) relationship between the
maxilla and the mandible (Grauer et al., 2009; Ansar et al., 2015; Uslu-Akcam, 2017; Chan et al.,
2020). The terms “adenoid facies” or “long face syndrome” have been used in the orthodontic
literature for more than a century to describe patients who, in conjunction with a mouth breathing
habit, often present with long, convex faces with lips parted at rest; and, when observed intraorally,
they exhibit maxillary constriction and displacement of the anterior teeth (Dunn ef al., 1973; Proffit
et al., 2013). The peak of adenoid growth occurs between 4-6 years of age, followed by regression
until around 10-11 years of age, and interrupted by a brief increase in volume at around 11 years of
age, resuming its regression until adulthood (Linder-Aronson & Leighton, 1983). In childhood,
hypertrophy of the adenoid gland and palatine tonsil are the second most frequent cause of respiratory
obstruction and oral breathing, following allergic rhinitis (Bresolin ef al., 1983 apud Valera et al.,
2003). On the other hand, environmental changes leading to different growth patterns of allergenic
species, longer pollen seasons, deterioration of indoor and outdoor air quality have reportedly
increased allergic rhinitis and viral infections in children which may lead to facial growth problems
(Wuet al., 2021).

2.2 The Hierarchical Linear Model

A Hierarchical Linear Model is an extension of the Simple Linear Regression Model, the latter

described by the following equation:
y=PF+Pix+e. (1)

The application of Simple and Multiple Linear Regression Models is restricted by
assumptions of linearity, homoscedasticity, normality, and independence of observations. If the
observations are not independent, i.e. individuals can be segregated into separate clusters (school,
hospital, residence area), y may take different mean values for x = 0 in each group. Likewise, f; may
also take different values in each group, as well as the remaining regression coefficients (f;) if more
than one independent variable (x;) is added to the model. As such, modelling datasets with related
individuals or repeated measures, calls for the use of other techniques. HLM allows the adjustment
of data structures with more than one level, also referred to as clustered data. In the general literature,
level 1 of the data structure refers to the individual, while level 2 refers to a larger group of related
individuals. However, when applying HLM to longitudinal data analysis, where repeated measures
of the same individual are collected over time, the individual is considered a level 2 data structure,
whereas the time instant is considered level 1 (Finch et al., 2019).

The addition of group specific intercepts and slopes to the regression equation at the first
hierarchical level can be described as follows:

Yij = Poj + B1jx1 + B2jX2ij o BmjXm + Tijs (2)

where 1;; ~ N(0, %) and r;; are independent,
and the i/ notation generally refers to the i-th individual in the j-th group, considering m predictor x
variables that characterize the individual. In the specific case of longitudinal data analysis, the
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notation should be interpreted as i-th time instant for the j-th individual. It is possible to model By
and distinct slopes for each group. The intercept S ; can be modelled as:
Boj = Yoo + Yo1W1 + VoW .. VWi + Ugj, 3)

where uy; ~ N(0,To0) and u,; are independent; u,; are independent from 7;;.

As ygo 18 common to all groups, it is referred to as a fixed effect, while uy; represents a
random effect, such as r;; in equation (2).

As for the slope, ;; can be modelled as:

B1ij = Y10+ Y11W1 + VoW . VWi + Uy, 4)

where u;; ~ N(0,74;) and u,; are independent; u, ; are independent from 7;;.

Equations (3) and (4) establish the level 2 model, through which individuals may be separated
into different groups. In this manner, a linear hierarchical model considers that the effect of x on y
may vary on a level higher than the individual.

To assure HLM validity the following assumptions must be verified: (1) the level 1 residuals,
7ij, present normal distribution with mean 0 and constant variance o? (r; i ~N(0,05); (2) level 2
residuals, uy; and u,; are independent between clusters, have normal distribution with mean 0 and
variances 6%y and 0%, respectively (ug;~N(0,000), u3;~N(0,04;)); (3) the covariance between
level 1 residuals (7;;) and wg; or u,; is null (Cov(rij,uoj) = Cov(rij,ulj) = 0), that is, level 1 and
level 2 residuals must be independent and if otherwise, similarly to multiple linear regression, one
should suspect other independent variables or relevant interaction terms better explain the variability
of Y; (4) the covariance between u,; and u, ; takes the value of 6y, C ov(uo jrUq j) = Ty, a value that
can be non-zero (Natis, 2001; Maroco, 2018; Finch ez al., 2019).

3. Methods and Data

3.1 Data

Convenience sampling was performed using lateral cephalograms available through the
AAQF Craniofacial Growth Legacy Collection. Inclusion criteria included patients with pre-growth
peak, growth peak and post-growth peak radiographs, according to the stage of skeletal maturation
assessed by the cervical vertebrae (Baccetti ef al., 2005). Exclusion criteria comprised undergoing
orthodontic treatment, open mouth position, low quality of relevant anatomical structures or
references for image calibration. A total of 157 individuals met the inclusion and exclusion criteria.
Image calibration was performed according to instructions published by the AAOF (AAOF, 2020)
and the digital cephalometric analysis (Facad software, version 3.12.1.1653, Ilexis AB, Sweden) was
carried out previously described methodology (Solow & Tallgren, 1976; Ansar et al., 2015; Uslu-
Akcam, 2017; Baka & Fidanboy, 2021). The working dataset included 28 continuous variables, for
which the descriptive statistics are detailed in Table 4 by time instant.

Table 4. Descriptive statistics on the overall sample. Sample mean; sd: sample standard deviation;
min: minimum; max: maximum.

Pre-growth peak Growth peak Post-growth peak
x (sd) [min; max] X (sd) X (sd) [min; max] X (sd)
Age (v) 8.0 (0.6) [7.0, 10.8] 11.6 (1.4) [8.2,15.8] 18.9 (2.5) [16.0, 28.4]
SNA () 80.4 (3.3) [73.3,90.9] 80.8 (3.3) [73.2,91] 81.4 (3.6) [73.2,93.9]
SNB (°) 762 (2.9) [69.8, 83.7] 77.2 (3.0) (707,847)  789(33)  [70,875]
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ANB (°)
PP/NSL (°)
OL/NSL (°)
ML/NS (°)

gonial_angle (°)

body_length (mm)
ramus_height (mm)
ramus_hgt:length
ANS-PNS (mm)

PFH (mm)
AFH (mm)
LFH (mm)
PFH:AFH
LFH:AFH
NAS (mm)
OAS1 (mm)
OAS2 (mm)
AAA (mm?)
NAA (mm?)
OAA (mm?)
AAA/NAA
c¢HP/TVL (°)
OPT/NSL (°)
CVT/NSL (°)
OPT/CVT (°)

3.2 Methods

42(2.0)
8.0 (3.1)
21.9 (4.4)
36.8 (4.6)
1304 (5.5)
64.3 (10.4)
37.0 (6.3)
0.58 (0.07)
49.0 (8.3)
63.7(10.5)
105 (17)
60.2 (10.7)
0.61 (0.04)
0.57 (0.02)
21.5(5.6)
10.8 (3.9)
6.8 (3.0)
198.4 (92.1)
518.1 (218.6)
421.5 (208.1)
0.39(0.12)
93.4(7.7)
98.5(9.2)
101.5 9.2)
3(2.9)

[-0.2,9.6]
[0.1, 16.9]
[9.7, 34.3]
[25.2, 46.6]

[116.6, 144.9]
[49.4, 96.9]
[28.4, 60.1]
[0.43, 0.83]
[39.8, 74.1]
[48.3, 96]
[87.5, 157]
[47.7,98.1]
[0.53,0.74]
[0.51,0.63]
[10.8,39.9]
[3.9,28.8]
[2.1, 24.1]

[60.0, 589.8]

[264.0, 1356.3]
[164.0, 1339.0]

[0.1,0.8]
[80.3, 119.9]
[75.4,133.3]
[79.6, 132.8]
[-5.4,10.6]

3.6(2.1)
7.6 (3.1)
19.3 (4.4)
35.7 (4.6)
128.4 (5.3)
71.4 (11.6)
41.3(7.0)
0.58 (0.06)
52.9(8.9)
713 (12)
114.9 (19.2)
65.1 (11.8)
0.62 (0.04)
0.57 (0.02)
242(5.5)
11.0 (3.6)
7.0 3.0)
272.1 (124.2)
617.3 (237.5)
488.4 (201.0)
0.44 (0.12)
91.1(7.9)
97.7(9.8)
101 (9.9)
33(2.9)

[-2.6,89]
[0.1, 14.6]
[7.4,34.8]
[23.7,45.5]
[115.2,143.1]
[56.6, 105.1]
[30.3, 62.0]
[0.43,0.78]
[40.8, 76.8]
[56, 108.3]
[90.3, 175.6]
[48.9, 106.6]
[0.54,0.72]
[0.51,0.63]
[8.5,42.5]
[2.9,23.7]
[1.8,25.0]
[71.4,792.5]
[257.8, 1493.8]
[190.2, 1138.0]
[0.14,0.77]
[74.4, 111.9]
[75.6, 127.6]
[80.2, 131.3]
[-5.8,12]

25(2.5)
73 (3.4)
15.6 (5.1)
33.4(5.3)

1257 (5.7)
81.3 (14.6)
509 (9.3)
0.63 (0.07)
585 (10.5)
84.6 (15.4)
130.4 (23.7)
74.3 (14.6)
0.65 (0.04)
0.57 (0.02)
27.6 (5.6)
12.2 (4.7)
82(3.5)

419.7 (196.3)

790.7 (307.7)

692.3 (316.5)

0.53(0.13)
90.8 (6.9)
99 (8.8)
104 (8.3)
5(3.3)

[-2.8,8.8]
[0.3, 19.0]
[2.0, 26.8]
[18.4,46.3]

[110.7, 140.9]

[55.4, 125.0]
[29.2,79.9]
[0.45, 0.84]
[40.1, 90.7]
[53, 133.4]
[85.4,197.2]
[48.3, 123.8]
[0.55, 0.80]
[0.52, 0.63]
[16.1,46.9]

[4.3,35.3]
[1.8,20.8]

[159.1, 1228.1]

[306.5, 1878.8]
[227.2, 2199]
[0.28, 0.84]
[78.5,111.8]
[80.8, 126.9]
[87.1, 125.8]
[-2.8,13.8]

Firstly, a null model was adjusted considering ML/NSL as the dependent variable, using the
nlme package and the maximum likelihood method (R x64 4.1.1), expressed by the following

equation:

Boj = Yoo + Ug;

(5)

To confirm a level 2 effect on the data, the intra-class correlation coefficient (ICC) was then
estimated considering the within-person variance (c2) and the between-person variance (Toq) of
mandibular inclination through the null model, given by the following equations:

_ Too
Icc = Tt of (6)
2 _ Zj=(y —1)S7 (7)
N -C
62 _ %y~ %) (8)
J
(- 1)
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Then, a random intercept model was adjusted considering time as a level 1 predictor and a
fixed slope:

ML/NSL” = BOJ + ﬁljtime + rij (9)
Boj = Yoo + Uoj
511' = Y10
The previous adjustment was then compared (ANOVA) with a random slope fit on the data:
Boj = Yoo T Uoj
B1j = Y10 +ugj

Following graphical error structure inspection of the level 1 fit, predictors, higher order terms
and possible interactions were then iteratively searched regarding the level 2 model in a forward
manner, considering clinical relevance and 5% level of significance. Adjustments were subsequently
compared using ANOVA. Any terms indicating multicollinearity (Variation Inflation Factor, VIF >5)
were removed (Gareth ef al., 2013).

Model diagnostics included level 1 and level 2 standardized residuals graphical analysis of
normality and homoscedasticity. Quality of fit was determined according to Akaike’s Information
Criterion, AIC (Akaike, 1974); and Schwartz’s Bayesian Criterion, BIC (Schwarz, 1978). Influent
value analysis included fixed and random effects leverage regarding influence on predicted values;
Cooks distance concerning influence on fixed effects estimates; covariance matrix ratio and
covariance matrix trace for influence on fixed effects precision; and relative variance change (RVC)
for variance influence analysis (Loy, 2013).

4. Empirical Results

Summary statistics for the preliminary level 1 models are detailed in Table 5. The null model
ICC suggests that approximately 72.6% of the ML/NSL variability can be explained by the between-
person variance (7,,), that is, mandibular inclination tends to be relatively stable over time and there
are relevant differences between individuals. On the other hand, only 27.4% of the ML/NSL
variability (1 = ICC) is explained by the within-person variance. Considering the fixed effects
component in the null model (yy,), the overall mean mandibular inclination considering all
individuals and all instants was 35.3°.

Table 5. Preliminary models summary for mandibular inclination variation by time.

Parameters Null Fixed slope Random slope model
model model

AIC 2597.123 2430.284 2371.135
BIC 2609.587 2446.904 2396.064
logLik -1295.561 -1211.142 -1179.567
Random effects

StdDev — Residual (o) 2.628118 4.391268 4.3600089

StdDev — Intercept (\/1-_00) 4.280849 2.008558 1.3697296
Fixed effects

Yoo Intercept 35.28089 36.9758 36.65987

Std Error 0.362861 0.3805939 0.3597831

Y10 Intercept - -1.6949 -0.82739
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Std Error - 0.1135909 0.0665738
ICC 0.7262674 0.8269841 0.9101707

A random slope model was deemed more appropriate after graphical analysis (Figure 10),
allowing for ML/NSL rate variation between individuals. Predictive variables were centered prior to
adjustment and proportions were multiplied by 100, in favor of their interpretation. A quadratic term
for time was initially explored although it ceased to be significant after the introduction of level 2
predictors.

Figure 10. Line graph of observed ML/NSL values per time instant (n=20 subset).

The iterative selection of level 2 predictors accompanied by the search for possible
interactions produced two relevant adjustments for ML/NSL, which are presented below:

ML/NSLU = ,80] + ,Bljtime + rij
Boj = Yoo + Yo1ANB; + yo2 PP/NSL;j + vo3 OPT/NSL; + v,0AS1; + (11)
+ Yos gonial_angle + v, PFH:AFH; + uy;j
Bij = Y10+ Uyyj
ML/NSLU = ,80] + ,Bljtime + rij
ﬂOj = Yoo + ]/OlSNB] + Yo2 PFHAF]‘[] + Yo3 ramus_helght:lengthj + um-j (12)
B1j = Y10 + Y11SNB; + y1, ramus_height:length; + u,;;

Table 6. Summary statistics for mod1 (Equation 11) and mod2 (Equation 12). 'Wald Test

mod1 mod2
Coefficient | Parameter | Estimate | S. Error Pt Estimate | S. Error Pt
Boj Y00 34.796 0.151 | <0.001 | 34.860 0.135 | <0.001
Yo1 0.106 0.038 0.005 -0.110 0.035 0.002
Yo 0.183 0.028 | <0.001 | -1.131 0.028 | <0.001
Yo3 0.030 0.008 | 0.0004 0.190 0.014 | <0.001
Vo4 -0.058 0.020 | 0.0034 - - -
Yos 0.162 0.019 | <0.001 - - -
Yos -0.757 0.024 | <0.001 - - -
B1j Y10 0.485 0.082 | <0.001| 0.479 0.061 | <0.001
Y11 - - - -0.037 0.015 0.014
Y12 - - - -0.014 0.007 0.037
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o 0.694 - - 0.595 - -
JT00 1.622 - - 1.490 - R
Jr1 0.546 - - 0.384 - R

The comparison between the adjustments (Table 6) favored mod? fit (Equation 12), which
explains the variability of By; of the level 1 model through the predictor variables SNB (sagittal
position of the mandible relative to the skull base); PFH:AFH (ratio between posterior facial height
and anterior facial height); and ramus_height:length, (the proportion between the height of the ramus
and the length of the mandibular body). The mod? fit also explains the variability of the slope B, ; by
the presence of significant interaction between two predictor variables and time: SNB and
ramus_height:length. It should be noted that the addition of any pharyngeal and postural variables in
mf2, as well as gender, were not significant to explain the variability of By; or B ;.

5. Conclusions

Adjustment with MLH distinguishes fixed and random components of the variation in
mandibular inclination during growth. Two distinct adjustments were obtained, the first illustrating
the relationship between ML/NSL and predictors ANB, PP/NSL, OPT/NSL, OAS1, gonial angle, and
posterior/anterior facial height over time; and the second adjustment, with superior quality indicators,
demonstrated a relationship with posterior/anterior facial height, SNB and mandibular height/length
predictors.

Apart from OAS1/OAS2, no other linear pharyngeal variable was found to be a significant
predictor of ML/NSL change during growth. Although it has a reduced effect on the outcome, it may
eventually reflect a relationship between the mandibular position and the soft palate, the tissues at the
base of the tongue and the hyoid bone. No significant relationship was found between the ratio of free
respiratory area/nasopharyngeal area and mandibular inclination.
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