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ABSTRACT

Objectives: This study investigated the association between craniofacial morphology and temporomandibular disorders in
adults. The influence of different craniofacial morphologies on painful temporomandibular disorders was also evaluated.
Material and Methods: A total of 200 subjects were selected, including 100 with temporomandibular disorders (TMD)
and 100 without TMD (control), diagnosed by research diagnostic criteria for temporomandibular disorders. All subjects
were submitted to lateral cephalometric radiographs, and classified as brachyfacial, mesofacial, or dolichofacial by Ricketts’
analysis. Data were analysed by Tukey-Kramer and Chi-square tests.

Results: No association between craniofacial morphology and TMD was found (P = 0.6622). However, brachyfacial
morphology influences the presence of painful TMD (P = 0.0077).

Conclusions: Craniofacial morphology is not related to temporomandibular disorders in general.
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INTRODUCTION

Temporomandibular disorders (TMD) are among
the most common causes of orofacial pain of non-
dental origin and are characterized by pain in
the temporomandibular joint and/or masticatory
muscles, conditions that could be aggravated by
chewing and other mandibular activities, such as
excessive mandibular opening due to wide yawning,
laughing and/or biting on large objects [1,2]. Signs
and symptoms of TMD occur frequently in the
general population and its treatment involves a
multidisciplinary team including several health
professionals other than dentists [3].

TMD may arise from etiological factors, such as
macro- and micro-traumas, adverse life events,
stress, arthritic and arthrotic changes by systemic
conditions, repetitive trauma associated with
ageing and tooth loss [3]. Parafunctional habits and
emotional/psychological aspects can also influence
the development and/or maintenance of TMD signs
and symptoms [4-9]. Furthermore, craniofacial
morphology has also been considered another factor
related to TMD [10].

Yang et al. [11], suggested that the skeletal
characteristics of patients with disc displacement are
influenced by the sagittal relationship established
according to mandible size. In addition, some authors
also reported association of disc displacement with/
without reduction with linear and angular posterior
measurements. Individuals with disc displacement
usually have short ramus, height mandibular body
length and a backward rotation of the mandible ramus
[11-14]. TMJ disc displacement was also positively
associated with mandibular asymmetry [12-13]. On the
other hand, craniofacial features, such as angulation of
the Frankfurt/occlusal plane and inter-pupillary axis,
were not related to TMD [15]. Yang et al. [11] and
Kwan et al. [14] used the magnetic resonance imaging
(MRI) to diagnose TMD-disc displacement. Although
MRI is currently accepted as the gold standard for
TMD evaluation [16], clinical TMD examination is
of decisive importance for the diagnosis of TMD and
especially for the evaluation of the temporomandibular
joint [17]. In this sense, research diagnostic criteria
for temporomandibular disorders (RDC/TMD)
was developed to cover the most common TMD
and it has been widely used in TMD research [18].
Besides the different methods used to assess TMD
[11,14,15], there are no studies focusing on the
relationship between vertical craniofacial morphology
(i.e., brachyfacial, mesofacial, and dolichofacial
patterns) and TMD, highlighting the importance of
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the subject. Thus, the aim of this study was to
investigate the association of vertical craniofacial
morphology with temporomandibular disorders in
adults diagnosed by the research diagnostic criteria for
temporomandibular disorders.

MATERIAL AND METHODS
Subjects

This cross-sectional study was carried out from 1%
of August, 2013 to 6™ of June, 2015 and included
200 subjects ranging from 18 to 50 years of age.
Subjects were assigned to two groups (n = 100). The
first group was diagnosed with painful or non-painful
TMD (experimental) and the second had no TMD
(control). A sample size test based on a previous
study [19] indicated that 100 volunteers in each group
would be enough to detect significant differences with
a test power of 80% and an error probability of 5%.
The subjects were recruited from Piracicaba Dental
School, University of Campinas (UNICAMP) and
included patients, students and staff. To be included
in the experimental group, subjects were required
to meet the following inclusion criteria: age 18 to
50 years; TMD diagnosed by RDC/TMD; complete
natural dentition (except for missing third molars) and
good general and oral health.

The control had to meet the same criteria, excluding
TMD diagnosis. Subjects were excluded if they
presented with malocclusions such as anterior
open bite, unilateral or bilateral posterior crossbite;
parafunctional habits (bruxism or tooth grinding);
facial deformities (severe facial asymmetry, cleft
palate, cleft lip, masseteric hypertrophy); previous
maxillofacial surgery; neurological or psychological
disorders; pregnancy; removable partial or complete
dentures; and/or intraoral appliances. Of the 296
subjects initially examined, 96 were excluded for
the following reasons: having missing teeth (n = 49);
malocclusions (n = 9), parafunctional habits (n = 20);
orthodontic treatment (n = 2); maxillofacial surgery
(n = 1); pregnancy (n = 1); and missing radiography
(n = 14). All subjects had an RDC/TMD examination
and were then assigned to an experimental group and
control.

All participants have read and signed a written
informed consent form. This study was approved
by the Ethics Committee of Piracicaba Dental
School, University of Campinas (research protocol
#022/2012), and recorded in the Brazilian Registry of
Clinical Trials database (No. RBR-87rdwv).

After  selection, all participants underwent
conventional lateral cephalogram followed by
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cephalometric analysis to determine their craniofacial
morphology. Participants were also measured
and weighed on a mechanical scale (MIC 1/C A,
Micheletti, Sao Paulo, Brazil) while standing with
their feet together and with the Frankfurt plane
parallel to the floor. Body mass index (BMI) was
calculated considering the ratio between weight and
height (kg/m?) [20].

TMD diagnosis

All subjects were submitted to clinical examinations
to diagnose TMD using axis I of the RDC/TMD.
They were evaluated by a single trained researcher
who had been previously calibrated. Calibration was
made by two examiners (one of whom was an RDC/
TMD expert) applying the RDC/TMD to 12 subjects
with TMD signs and symptoms and 8 healthy ones.
The Kappa index was 0.96 (95% confidence interval =
0.89to 1).

Clinical criteria for diagnosis among patients in
the experimental group were as follows: RDC
Group I, presenting with myofascial pain and
with or without limited opening; RDC Group
II, presenting disc displacement with or without
reduction and with or without limiting opening; and
RDC Group III, presenting arthralgia or arthritis
or osteoarthrosis. Those presenting none of the
characteristics described in the RDC groups were
considered to have no TMD and were thus assigned
to the control.

Craniofacial morphology

Conventional lateral cephalogram radiographs were
obtained for all subjects to identify their craniofacial
morphology. Wearing a lead apron, subjects were
positioned in the cephalostat with the sagittal plane
perpendicular to the X-ray path, the Frankfurt plane
parallel to the floor, their teeth in the maximum
intercuspal position, and their lips slightly pressed
together [21]. The cephalogram radiographs were
taken according to a standardized protocol using the
same cephalometric unit (Kodak 8000C, Eastman
Kodak Company, Rochester, USA). The cephalometric
analyses were performed by a single investigator,
who was blinded to the RDC/TMD diagnoses.
Images were interpreted using Radiocef Studio 2.0
software (Radiomemory, Belo Horizonte, Brazil).
Craniofacial morphology was determined by the
vertical growth coefficient (VERT) index, which is
the arithmetic mean of the difference between five
cephalometric measures (facial axis, anterior lower
facial height, mandibular plane, mandibular arch,
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and facial depth) divided by the standard deviation
[22]. The craniofacial morphology of each subject was
classified as: dolichofacial (below -0.5), mesofacial
(between -0.49 and +0.49), and brachyfacial (above
+0.5) (Figure 1).

Statistical analysis

Data were analysed by Tukey-Kramer and Likelihood
Ratio Chi-Square tests. All statistical results were
considered significant when P values were < 0.05.
Parametric data were expressed as mean and SD
(M [SD]). All statistical analyses were performed
using the SAS software (Release 9.3. SAS Institute
Inc., Cary, USA).

RESULTS

Data concerning age, gender and BMI of the TMD
individuals (with and without pain) and control
subjects without TMD are shown in Table 1.
A homogeneous distribution was observed between
groups (P > 0.05). There were significant differences
for age (P = 0.027), as the subjects with TMD
presented a mean of 27.8 (6.1) years old, and the
control subjects showed a mean of 25.9 (5.2) years
old. BMI values were also different between groups
(P = 0.043), with the TMD subjects showing an index
of 23.7 KgF (3.6) and those without TMD an index of
22.71 (2.7).

Data distribution regarding the axis [ evaluations
(RDC/TMD) are shown in Table 2. Muscle disorders
were observed in 87 subjects. Concerning articular
disorders, 37 patients were diagnosed with RDC
Group II (disc displacements) and 62 with RDC
Group III (arthralgia/arthritis/arthrosis).

Figure 2 shows the frequency of single and multiple
RDC/TMD diagnoses. With regard to the single
diagnoses, Group I muscle disorders were observed
in 25% of the patients, Group II disc displacements in
8%, and Group III in 3%. Multiple group diagnoses
involved 64% of the patients.

Table 1. Anthropometric characteristics of subjects

Wl.th TMD Without
(painful and P
. TMD

non-painful)
Female 90 90 -
Male 10 10 -
Mean age® (SD), years 27.8 (6.1) 259(5.2) | 0.027*
Mean BMI" (SD), KgF 23.7 (3.6) 22.71(2.7) | 0.043°

Statistically significant at the level P < 0.05 (Tukey-Kramer test).
®No statistically significant at the level P < 0.05 (Tukey-Kramer test).
TMD = temporomandibular disorders; BMI = body mass index;
SD = standard deviation; KgF = kilogram-force.
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A B C
Anterior lower facial héiibh't' -0.55 | Anterior lower facial heighT 2.16 | Anterior lower facial heighf A2
Facial axis -1.39 | Facial axis ' -0.07 | Facial axis ' -1.32
Facialdepth 069 |Facialdepth 02 |Facialdepth 026
Mandibular plane -0.76 | Mandibular plane 1.31 | Mandibular plane -0.29
Mandibular arch -2.61 | Mandibular arch 2.01 | Mandibular arch 0.94
VERT index -1.2 | VERT index 1.04 | VERT index 0.06

Figure 1. Craniofacial morphology classification. A = dolichofacial (VERT index below -0.5); B = brachyfacial (VERT index above +0.5);
C = mesofacial (VERT index between -0.49 and +0.49).

40 Table 2. Distribution of RDC/TMD axis I diagnosis
1+l Number of
35 RDC group subjects
30 Muscle disorders
Myofascial pain 71
g 25 Myofascial pain with limited opening 16
@ 11+l Disc displacements
S 20 Disc displacement with reduction 36
E 15 Disc displacement without reduction, with limited 0
opening
10 Disc displacement without reduction, without limited 1
1+11 opening
5 i Arthralgia, arthritis, arthrosis
Leall Arthralgia 61
0 Osteoarthritis of the temporomandibular joint
RDC groups Osteoarthrosis of the temporomandibular joint 0

Figure 2. Distribution of single and multiple research diagnostic = RDC/TMD = research diagnostic criteria for temporomandibular
criteria (RDC) axis I diagnoses. disorders; RDC = research diagnostic criteria.
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The number and frequency of subjects with different
craniofacial patterns for control (without TMD) and
experimental (with TMD) groups are in Table 3.
A difference (P = 0.0207) in the frequency distribution
was observed between brachy- and dolicho-facial
subjects in the control group (without TMD), with
brachyfacial subjects being in greater proportion
(n = 46, 53.49%). No such difference (P = 0.1738)
was found in the experimental group (with TMD).
Furthermore, no association between craniofacial
morphology and TMD were found (P = 0.6622).

In relation to the entire TMD group, pain was
observed in 92 individuals (Table 4). Differences were
found among the brachyfacial (n = 40), dolichofacial
(n = 23), and mesofacial (n = 29) craniofacial patterns
in subjects with painful TMD (P = 0.0077). TMD
subjects without pain had no differences towards
craniofacial morphology.

DISCUSSION

This study demonstrated the TMD is not associated
with vertical craniofacial morphology. Regarding
demographic data, differences between groups were
observed for age and BMI. The age of participants
ranged from 18 to 50 years old, and the BMI values of
both groups fell into the normal weight category [21].

Considering that obesity is associated with obstructive
sleep apnea [23], and the latter with the occurrence
of TMD [24], we suggest that these differences did
not interfere with the results, because our subjects
were in normal weight. Concerning the RDC axis |
diagnoses, only 36 of the TMD subjects had a single
TMD diagnosis, while the remaining 64 had multiple
diagnoses. This finding is similar to those reported
in previous studies, showing that a combination of
muscular and articular disorders frequently occurs
clinically [25-26]. As TMD subjects usually have
multiple diagnoses, the present study focused on
TMD to assign the subjects to the experimental group,
independent of their specific RDC diagnoses [25].

Although the experimental group had a higher
frequency of brachyfacial patients, no significant
difference in the frequency of craniofacial
morphologies was observed. In contrast, subjects
in the control showed no differences between
brachyfacial and  dolichofacial = morphologies.
Although  there was a  higher proportion
of brachyfacial subjects without TMD, no
association was found between craniofacial
morphology and TMD (independent of pain).
This finding is in disagreement with those
previously reported [10-11]; such disharmony
might be due to the different cephalometric
variables evaluated in those previous studies,

Table 3. Comparison of the frequency distribution and the association between different craniofacial morphologies and TMD

Craniofacial morphology
Groups Brachyfacial | Dolichofacial Mesofacial P
(%) (%) (%)
Without TMD .
(n = 100) 46 (53.49) 24 (48.98) 30 (46.15) 0.0207
With TMD b
(n = 100) 40 (46.51) 25 (51.02) 35 (53.85) 0.1738

aStatistically significant at the level P < 0.05 (Tukey-Kramer test).

®No statistically significant at the level P < 0.05 (Tukey-Kramer test).

Likelihood ratio Chi-Square was used to estimate the association between craniofacial morphology and TMD.
It was verified no association at the level of P < 0.05 (P = 0.6622).

TMD = temporomandibular disorders; n = total number of subjects without or with TMD.

Table 4. Association between craniofacial morphology and TMD with and without pain

TMD group
Craniofacial (n=100)
morphology With pain Without pain
(%) (%)
Brachyfacial 40 (100) 0 (0)
Dolichofacial 23 (92) 2 (8)
Mesofacial 29 (82.86) 6(17.14)
P value 0.0077° >(0.05°

Statistically significant at the level P < 0.05 (Likelihood Chi-square test).
"No statistically significant at the level of P < 0.05 (Likelihood Chi-square test).
TMD = temporomandibular disorders; n = total number of subjects per TMD group.
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assessing cephalometric variables individually and
not determining the vertical craniofacial morphologies
in their subjects. Most of the studies that found
associations between cephalometric variables and
TMD evaluated TMD characteristics anamnestically
and clinically by palpation/auscultation or by
radiographic/magnetic resonance imaging [11,14-
15]. Our study, however, used the RDC/TMD axis |
diagnostic protocol, which is the most frequently
used, validated, and accepted instrument for clinical
research [18].

Our data also showed that all brachyfacial subjects in
the experimental group presented painful TMD. These
data can probably be explained by differences in the
fibre-type composition of their masticatory muscles
[27-28]. There is a higher proportion of type II fibres
in the masseter of short-faced brachyfacial subjects;
these fibres are characterized by rapid contraction
and lower resistance to fatigue [29-30]. Thus, as
type II fibres are less resistant to fatigue, which is
often associated with the onset of muscle pain, it
might explain the presence of pain in all brachyfacial
subjects with TMD [31].

Considering that a high percentage of subjects
presented more than one RDC/TMD diagnosis, it
was impossible to evaluate the association between
craniofacial morphology and the specific RDC
diagnoses. This could be a limitation of this study and
thus further studies are needed to investigate these
specific associations.

Another relevant consideration involves the lateral
cephalogram used in this study to classify the subjects
as brachyfacial, mesofacial and dolichofacial.
The lateral cephalogram is used to analyse the
vertical or anteroposterior relationship of the maxilla

and mandible to the cranial base, while the
posteroanterior cephalogram can indicate facial
asymmetry by comparing the left and the right
sides of the face [32-33]. Some authors have used
a posteroanterior cephalogram to verify changes
in some cephalometric variables in subjects with
TMD [32,34]. However, in the present study, the
Ricketts’ method of VERT, widely used to define
craniofacial patterns, and the lateral cephalogram
were used because the subjects’ vertical facial height
was considered for the craniofacial classification.
Besides, according to Claro et al. [35], the VERT
index minimizes possible distortions arising from
regional morphological variations, which may
occur when defining facial patterns based on
individual cephalometric measurements. The VERT
index presents some shortcomings related to the
adjustment between average values, allowing a true
correspondence between factors [35].

CONCLUSIONS

Within the constraints of the present study, the results
contribute to clinical practice. There is no association
between craniofacial morphology and general
temporomandibular disorders.
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