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ABSTRACT: The literature reports evidence of various types of correlations between cervical alterations
and cervical pain, and the existence of cervical pain in subjects with temporomandibular joint internal
derangement (TMD). The hypothesis of this study is that cervical lordosis angle (CVT/EVT angle) alter-
ation on cephalometrics could be correlated to the presence of TMD. The cephalometric records of 50
females with documented TMD were compared with those of a control group of 50 females. The sub-
jects in the sample were 25-35 years of age, average 28.9 years (SD, 3.2). Radiographs were taken in
mirror position, and seventeen variables, including the CVT/EVT angle, were traced. Double measure-
ments were made to evaluate method error using Dahlberg’s formula. Pearson’s correlation coefficient
and Mann-Whitney’s t-test were used to evaluate the data. Intra-group analysis showed significant cor-
relations between the CVT/EVT angle and mandibular length (p<0.01), mandibular position (p<0.05),
mandibular divergence (p<0.01), and overjet (p<0.01) in both groups. Between groups, the analysis
showed significant differences in CVT/EVT angle (p<0.05), maxillary protrusion (p<0.01), mandibular
protrusion (p<0.01), mandibular length (p<0.01), mandibular divergence (p<0.05), and overbite
(p<0.05).
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The anatomy of cervical vertebrae and their relative
position have attracted attention because a number
of authors have proposed developmental associa-

tions between different variables indicative of cervi-
covertebral anatomy and dentofacial build. The greater
part of longitudinal and cross-sectional studies are about
the cervical column, are based on cephalometric tracings
and focused on two types of observations: anatomical
details of cervical vertebrae1-9 (usually morphological
features of the first and second vertebra) and variables
describing postural position of the cervical column.10-23 

Cervical posture was previously related to different
factors, concerning general aspects of the body (ethnic
origin,1,9,18 sex,1-20 age15 and stature22), craniofacial mor-
phology10-23 (usually mandibular divergence,15 mandibu-
lar size,21 and facial shape23), functional factors
(nasorespiratory function1,13,22-26) and orthodontic therapy
(the use of removable orthodontic appliances or remov-
able splints to increase vertical occlusal dimension.27
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With regard to ethnic variations, for example, Solow1

illustrated that in a group of young adult Australian
Aboriginal males, the upper cervical column was inclined
more anteriorly than in a matched control group of young
Danish adult males. In a study about sexual dimorphism,
Cooke and Wei118 compared young Caucasian males and
females and young Chinese males and females and found
that the Caucasian females had a somewhat larger cranio-
cervical angulation than the males of the same age.
Whereas, both the Caucasian and Chinese females had a
more forwardly inclined cervical spine than the males.
Hellsing,15-16 while studying a group of 125 children
(aged 8, 11 and 15 years), found not only a decrease in the
cervical lordosis angle (CVT/EVT angle) but also an
increase of thoracic kyphosis and lumbar lordosis in both
genders with increasing age. More importantly, they
found a highly significant correlation between thoracic
and lumbar curvature development, while there was no
correlation found between CVT/EVT angle and thoracic
kyphosis. These results suggest that the curvature of the
cervical spine develops closely in unison with the cranio-
facial complex and not with the rest of the spine. Cervical
posture is also associated with height,22 as the taller the
subjects were, the more forward was the inclination of
their cervical columns; with craniofacial morphology,10-23

predominantly mandibular length, the longer the mandible
was, the more inclined was the cervical column to the true
horizontal21; with mandibular divergence, negatively cor-
related to CVT/EVT angle15; with the face shape,23 since
subjects with a long dolichocephalic face had a straight,
long, forwardly inclined cervical column, whereas
brachycephalic subjects usually had increased lordosis of
the spine. 

Cervical posture was also related to nasorespiratory
function1,13,22-26; Linder and Aronson24-25 showed that the
craniofacial morphology and cervical posture of children
with no upper airway obstruction differed systematically
from those of adenoidal children, since they had a larger
craniocervical angle; however, it was noted that after an
adenoidectomy, the difference disappeared so that the
average craniofacial morphology of adenoidal children
approached that of a control group. Solow13 observed in a
group of twenty-four children, between the ages of seven
to nine years, that obstructed nasopharyngeal airways
were connected with a larger craniocervical angle and
with smaller mandibular dimensions, mandibular retrog-
nathism and with a larger mandibular inclination. 

This review of the literature is important primarily for
three reasons: 1. it clearly shows that cervical posture can
be influenced by many differing factors; 2. it gives rise to
a necessity for careful selection of subjects in the study
population, when a researcher is going to study cervical

posture in a particular sample; and 3. it underscores the
fact that none of the studies regarding cervical column
posture focused on an evaluation of cervical posture in
subjects with temporomandibular joint dysfunction
(TMD). For this, the authors evaluated the cervical lordo-
sis angle (CVT/EVT angle) in subjects with and without
TMJ disk displacement. 

The importance of evaluating the CVT/EVT angle in
subjects with TMJ disk displacement and comparing
these values to a control group concerns two different
aspects.

From a research point of view, previous studies ana-
lyzed craniofacial morphology on lateral skull radi-
ographs in subjects with temporomandibular joint
disorders (TMD). But none of these studies introduced
variables indicative of cervical posture. Stringert and
Worms28 evaluated facial morphological features in 60
TMD subjects and showed a prevalence of occlusal class
II, division II among subjects with TMD, although this
prevalence was not significant. They also observed that
among subjects with no history of trauma associated with
their TMD, prevalence of a larger mandibular angle
(GoGn-SN) was higher than in a control group. It should
be noted that the control group was taken from a previous
study and there was no evidence provided for the absence
of TMD in the control group subjects. Brand29 showed a
statistically significant smaller mandible in subjects with
TMD than in an asymptomatic group. Nebbe30 showed, in
a cross-sectional pilot study on 25 adolescents (mean age
12.8, range 10 to 17), females and males, a negative sig-
nificant relationship (p<0.01) between angular transfor-
mation of disk displacement and vertical ramus height
(Co-Go); and between posterior facial height (S-Go) and
divergence angle (SN/Go-Me). Bosio31 showed that sub-
jects with bilateral disk displacement had a statistically
significant smaller SNB angle than the groups without
disk displacement. None of these studies focused on vari-
ations in cervical posture.

From a clinical point of view, the literature reports a
series of correlations between cervical lordosis alter-
ations and cervical pain. McRae32 showed that roentgeno-
graphic examination of the cervical spine revealed the
existence of pathologic disorders in asymptomatic as well
as in symptomatic subjects, and that neck pain, tender-
ness, limitation of neck mobility, poor reflexes or strength,
and loss of sensation may or may not accompany a cervi-
cal pathological disorder. Kantor and Norton33 observed
that the normal lordotic curve could be altered as a result
of cervical muscle spasms that cause the patient to hold
the head in a different position in order to reduce pain and
discomfort. However, it has been suggested that subjects
with a craniomandibular disorder (CMD) more often
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suffer from a cervical spine disorder (CSD) with cervical
pain,34-37 and it is estimated that one-third of the TMD
cases have cervical anomalies, such us upper cervical
anomalies (atlanto-occipital fusion, anomalies of the
odontoid process, or anomalies of the transverse liga-
ment) at a young age and that this can lead to instability
and neurological problems secondary to minor trauma),
or lower cervical anomalies (degenerative arthritis that
occurs in adults).38-39 These studies, based on the coexis-
tence between cervical spine disorders (CSD) and cran-
iomandibular disorders (CMD), and including a non-patient
control group, indicated that CMD subjects more often
show signs and/or symptoms of CSD than control sub-
jects.33-37,39 The results of those studies are difficult to
interpret, because of the differing examining techniques,
such as questionnaires34-35,37 and various clinical tests34-36

to establish the presence of the cervical disorders. 
The aim of this study was to evaluate the existence of a

significant relationship between morphological features
of subjects with TMJ disk displacement and CVT/EVT
angle. The hypothesis on which this investigation is
based is that in subjects with TMJ disk displacement, the
altered mandibular position (evaluated in relation to ante-
rior cranial base or simply on mandibular length) could
influence a postural adoption of cervical lordosis, which
eventually could give rise to cervical complaints in sub-
jects with TMJ disk displacement. 

In this study the authors evaluated the existence of a
significant correlation between CVT/EVT angle and
craniofacial morphological features in subjects with TMJ
disk displacement. If a statistically significant correlation
could be found in subjects with TMJ disk displacement
and not in a control group, the orthodontist might then
better understand the existence of cervical problems in
subjects with certain skeletal formations. The primary
purpose was to test the following null hypothesis: There
is no difference in the incidence or severity of skeletal
and dental patterns between a sample of subjects with
TMJ disk displacement and a matched control sample
without TMJ disk displacement. 

Materials and Methods

The sample was comprised of 50 females, aged 25-35
years, average 28.6 (SD=3.3 yrs.), admitted to the
Department of Orthodontics and Gnathology, University
of Chieti, for treatment of TMD. The criteria for selection
were: European ethnic origin, confirmed birth date, uni-
lateral or bilateral TMJ disk displacement, skeletal II
class (skeletal class was measured using standard meth-
ods), normal angle of mandibular rotation (GoGn/SN
angle 32û+/-6û),40 and height (measured in cm) between

160 and 170 cm. None of the women had any general
joint disorders (e.g., rheumatoid arthritis); neither were
they receiving nor had they undergone orthodontic treat-
ment and/or orthognathic surgery in the past nor had any
history of jaw fractures. All subjects had either under-
gone adenoidectomy before the age of ten years or had
never shown adenoid pathologies. They were examined
for current problems associated with nasal obstructions,
active symptoms of head, neck, and facial pain, with the
result that none were affected. 

The 50 control females, aged 25-35 years, average 29.3
(SD=3.2 yrs.), were selected from a group of volunteers
using the same stated criteria except that they had no TMJ
disk displacement or cervical pain. Each subject of the
control group signed a consent form permitting investiga-
tion and then underwent a standardized TMJ clinical
examination. Subjects in the control group also agreed to
undergo a free lateral skull radiograph because they were
interested in an orthodontic evaluation and because they
were offered in exchange, free panoramic radiographs.
The Institutional Review Board approved this research
based on an understanding that the control subjects had to
undergo lateral skull radiographs for reasons independent
of this research. Finally, two control subjects were asked
to undergo a free magnetic resonance imaging (MRI) of
the TMJ and all the subjects were given free dental ser-
vices in exchange for their participation.

Assessment of Cervical Range and Pain 
Subjects were screened for normal, pain free, cervical

range of motion according to the detailed procedure
reported by Visscher41 (dynamic/static test). The evalua-
tion revealed neck and shoulder pain in all the subjects in
the test group. All the subjects revealed the point of pain
on a 5-point verbal analog scale (VAS), but the popula-
tion was not matched for the different values of the scale
because this evaluation will be a part of a future investi-
gation. The physical examination of the neck was consid-
ered positive when the subject rated the pain intensity of
at least one of the dynamic/static tests equal or higher
than 1-point verbal scale (which corresponds to the sen-
sation of pressure without pain). Otherwise, the physical
examination of the masticatory system or neck was con-
sidered negative. No evaluation was made on the basis of
any history of oral pain. Physical examination of the neck
area was made by two calibrated physical therapists.
None of the subjects from the control group tested posi-
tive to the test for cervical pain.

Assessment of TMJ Disk Displacement
Subjects were selected consecutively from patients

referred to the TMJ clinic for diagnosis and treatment of
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TMD. They were included in the TMD group only if they
presented TMJ disk displacement signs and symptoms.42-

43 Otherwise, they were included in the control group.
Each subject from the two groups signed a consent form
permitting investigation and underwent a standardized
TMJ clinical examination, magnetic resonance images
(MRI), and lateral skull radiographs. 

During the clinical examination, the following clinical
parameters were examined: facial symmetry; normal
range of mandibular movement (protrusive, horizontal
and vertical, in millimeters); opening patterns; type and
stage of opening and closing joint sounds detected on
auscultation; angle classification of dental malocclusion
(the molar relationship was recorded for each side using a
molar intermaxillary discrepancy greater than one-half
cusp width to determine classes II and III; unilateral class
II and III relationships were classified as class II and class
III, respectively); canine or group lateral excursive move-
ments; overbite; overjet (overbite and overjet were
assessed using standard methods); and tenderness or pain
of the muscles of mastication or the TMJ upon palpation.
Subjects with unilateral TMJ disk displacement were also
included in the sample. 

For all the subjects, in both the test and control group,
bilateral, high resolution, surface-coil, magnetic reso-
nance images with a 1.5 Tesla magnetic resonance imag-
ing unit were taken at the Villa Pini Clinica, Pescara,
Italy. A 6.5 cm magnetic resonance surface-coil receiver
was attached to a wooden frame that allowed the coil to
be pressed against the temporal region. The magnetic res-
onance images were obtained in sagittal and transverse
planes for both open and closed mouth positions. The
images were interpreted by an oral radiologist, blind to
the group classification, who classified each TMJ as
having normal disk position, disk displacement with
reduction or disk displacement without reduction using
previously described methods.44 The same oral radiolo-
gist repeated this classification approximately six months
later in order to assess any error due to the observation.
None of the MRIs were classified as different from the
first evaluation. 

Subjects in the control group were included in the
investigation if they had: 

a. Skeletal class II, assessed on cephalometric by using
ANB angle (Tables 1, 2, 3);

b. No history of muscle or joint pain or tenderness;
c. No history of joint noise;
d. Demonstration of smooth, symmetrical mandibular

movements;
e. Maximum opening of 40 mm or greater;
f. Maximum lateral movements of 10 mm or greater;
g. No evidence of internal derangement of the TMJ as

determined by MRI; and
h. No tenderness of the muscles of mastication or of

TMJ upon palpation.
Subjects were not excluded based upon any variations

in dental occlusion.

Roentgenographic Technique for Lateral Skull
Radiographs

Lateral skull radiographs were taken using Orthoceph
10E (Siemens AG, Germany), whose vertical adjustabil-
ity allows the recording of standing subjects. The x-ray
source had a focus of 0.6 mm. Exposure data were 80-86
KV and 32 mAs. The equipment had a fixed film to focus
plane distance of 190 cm and a fixed film to midsagittal
plane distance of ten cm, with a final enlargement of
10%. For all subjects 18x24 cm films were used. The
head was oriented by a fiber-optic light beam to maintain
the midsagittal line in a vertical plane at ten cm from the
cassette and 180 cm from the focus median plane of the
x-ray source. An examiner, blind to the group classifica-
tion, standing behind the subject, corrected any deviation
of the head and neck relative to the alignment of the light
beam. This procedure allowed the examiner to maintain a
fixed distance of the midsagittal plane of the head to the
x-ray source and cassette. This ensured a constant enlarge-
ment of 10% of the midsagittal plane and thus permitted
precise analysis of linear and angular dimensions. A 0.5
mm lead wire, suspended by weight, was mounted in
front of the cassette in order to indicate true vertical on
the film. A 20x100 cm mirror was placed on the wall 150
cm in front of the ear rods to allow recording of the nat-
ural head posture with external reference.10 The record-
ings were carried out between 8:00 am and 2:00 pm. The
radiographs were exposed with the subjects standing in
ortho-position,45 (the most reproducible, natural standing
body position) defined as the intentional position from
standing to walking. In order to minimize external influ-
ence, no ear rods were used in the cephalostat. The mirror
position10 was carried out only after the head had been
placed in the self-balanced position.10,46 The radiologist
was asked to register on lateral skull radiographs all the
neck and the sixth cervical vertebra.

Cephalometric Tracings
Thirty reference points (Table 1, Figure 1) were

marked directly on each film with a soft sharp pencil
(Propelling Pencil 0.5, Everflow Pen. Co., Langport,
Somerset. TA 10 9RB). Twenty seven points were in the
craniofacial area and three points were in the cervical
column area. In order to make the determination of these
points easy, the drawing is of the full neck area. Many
different techniques appear in the literature for drawing
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the cervical spine as it is seen in lateral skull films and
cephalograms.47-50 On the tracing, the neck area was
traced according to the instructions of Vastardis and

Evans39 Thirteen references lines, described in Table 2,
were considered. The variables studied are listed in Table
3 and shown in Figure 2. Craniofacial morphological
variables were traced according to Schwarz51 and the
CVT/EVT angle according to Hellsing.15

Error Method
In order to assess errors due to landmark identification,

duplicate measurements were made of 15 radiographs, 
as described by Hellsing15-16 and shown in Figure 2,
Table 4. Variables were compared for each registration
and the error variance was calculated using DahlbergÕs
formula52:

δ = √ (∑d2/2N)
where d is the difference between the first and second
measurements and N the number of double registrations.

Statistical Analysis
Microsoft Excel 2000 (Microsoft, Inc.) software and

the Statistical Analysis System (SAS) package (SAS
Institute, Cary, N.C. USA)53 were employed to perform
the data analysis. Statistical data, including means, stan-
dard deviations (SD), medians, 25th and 75th percentiles,
and range, were computed for each morphological vari-
able. The bivariate relationships between variables was
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Table 1
Reference Points*

1. Se: Middle point of Sella opening
2. S: Sella point
3. A: A point
4. B: B point
5. Pog: Pogonion point
6. Me: Menton point
7. N: Nasion point
8. Ar: Articulare point
9. Gn: Gnation point

10. cv2tg: Tangent point of the superior, 
posterior extremity of the odontoid 
process of the second cervical 
vertebra

11. cv2ip: Most inferior-posterior point on 
the body of the second cervical 
vertebra

12. cv4ip Most inferior-posterior point on 
the body of the fourth vertebra

13. cv6ip Most inferior-posterior point on
the body of the sixth vetebra

14. Go: According to Schwarz, the point 
of intersection between RL (ramus 
line) and ML (mandibular line)

15. T1: Posterior tangent point of
mandibular line and anterior to the 
gonial area

16. T2: Lower tangent point of ramus line 
and superior to the gonial area

17. E: Orthogonal projection of the pos-
terior point of condylar head on the
SN plane

18. L: Orthogonal projection of pogonion 
point on the SN plane

19. vpUK: Orthogonal projection of pogonion
on mandibular line

20. vpOK: Orthogonal projection of A point 
on spinal plane

21. Rasc: Point of intersection between 
ramus line and H line, according 
to Schwartz

22. snp: Posterior spinal point
23. sna: Anterior spinal point
24. Po: Porion point
25. Or: Orbital point
26. Ini + Upper incision point
27. Ini - Lower incision point
28. I + Coronal point of upper incision
29. I - Coronal point of lower incision

*Table lists reference points shown on lateral skull 
radiograph (Figure 1 ).

Figure 1
Reference points and lines on a lateral skull radiograph.
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tested with the 2-tailed PearsonÕs R coefficients.54 The
corresponding square values of the PearsonÕs R coeffi-
cient(r2) were also reported, as a linearity index of associ-
ations. Moreover, for each considered association, the
null hypothesis was tested and the 5% level was used to
assess the statistical significance.

Between the experimental and control groups, differ-
ences in central tendency of angular and linear measure-
ments were tested using the Mann-Whitney t test, corrected
for great samples with Zt, for normally distributed values
of t coefficient and corrected for ties.55 The p values were
calculated for each of the variables with a level of signif-
icance for each test established at 0.05. 

Results

Patient Demographics
The minimum age was 25 years and the maximum age

was 35 years for both groups. The mean age for the
experimental group was 28.6 years (SD=3.4). The control
mean was 29.3 years (SD=3.2). Both groups combined
had a mean age of 28.9 years (SD=3.2). 

Statistical Data
All subjects included in this study were in skeletal

class II. In the test group, orthodontic classification
showed that 18 subjects (36%) were class II, division I
and 32 (64%) were class II, division II. In the control
group, orthodontic classification showed that 32 subjects
(64%) were class II, division I and 18 (36%) were class II,
division II. The statistics include mean value, SD, 25th
and 75th percentiles and range performed for the test
group (Table 5) and for the control group (Table 6). 
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Table 2
Reference Lines*

1. SN: Nasion-sella line; line through N and S
2. SeN: Anterior cranial base line; according to 

Schwartz
3. NA: Nasion to A point; line through N and A
4. NB: Nasion to B point; line through N and A
5. FH: Frankfort horizontal; line from Po to Or
6. PN: Nasal perpendicular line, according to 

Schwartz, perpendicular line to SeN 
through N

7. PN/2: Middle point of PN; line from N and 
perpendicular to snp-sna

8. sna-snp: Palatal plane (PP); line through sna 
and snp

9 GoGn: Line through Go (anatomical point) and 
Gn (anatomical point)

10. ML: Mandibular line; line through Me and T2
11. RL: Ramus line; line through Ar and T1
12. H: Parallel line to SeN; through PN/2
13. CVT: Upper part of cervical spine; line through

cv2tg and cv4ip
14. EVT: Lower part of cervical spine; line through

cv4ip and cv6ip
15. OPT: Odontoid line; line through cv2tg and 

cv2ip
16. Overjet: Distance between I+ and I- projections 

on occlusal plane
17. Overbite: Distance between I+ and I- projections

perpendicular line to occlusal plane
18. Go-Rasc: Ramus height; line through Go and Rasc
19. VER: True vertical line; vertical line projected on 

the film
*Table lists reference lines shown on lateral skull radio-

graph (Figure 1 )

Table 3
Variables Studied*

1. SNA: Angle between S, N, and A points
2. SNB: Angle between S, N, and B points
3. ANB: Angle between NA line and NB line
4. CVT/EVT: Cervical lordosis angle; downward 

opening angle between the CVT/EVT 
line

5. OPT/Ver: Odontoid angle; downward opening angle
between OPT and True Vertical lines

6. EVT/Ver: Lower cervical column angle; downward 
opening angle between EVT and True 
Vertical lines

7. CVT/Ver: Upper cervical column angle; downward
opening angle between CVT and True
Vertical lines

8. Go-Gn/SN: Craniomandibular angle; angle between
Go-Gn and SN lines

9 E-L: Mandibular length, according to Steiner;
distance between E and L points in mm

10. Go-VpUK: Mandibular length, according to 
Schwartz; distance between Go 
and vpUK

11. snp-vpOK: Maxillary length, according to Schwartz;
distance between snp and vpOK

12. Se-N: Anterior cranial base length, according to
Schwartz; distance between Se and N

13. Rasc-Go: Ramus height, according to Schwartz; 
distance between Rasc and Go points

14. Overjet: Distance between I+ and I- projections
on the occlusal plane

15. Overbite: Distance between I+ and I- projections
on a perpendicular line to occlusal line

16. FM: Angle between FH and Go-Gn
17. MM: Angle between sna-snp and Go-Gn

*Table lists morphological and postural variables traced 
on lateral skull radiograph (Figure 1 )
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Clinical Examination of the TMJ
All subjects in the test group showed uni- or bilateral

TMJ disk displacement. The most common symptoms of
TMD recorded in the sample were: localized pain in the
TMJ or ear; pain during mandibular movement; headaches
aggravated by jaw movement; presence of joint sounds
(on the basis of history and physical examination); lim-
ited mandibular range of vertical opening (<40 mm) and
horizontal (<5 mm) movements; deviation on mandibular
opening; tenderness and pain to palpation of jaw closure
muscle bilaterally; and history of locking.

Interpretation of MRIs
Among subjects in the test group, MRIs revealed that

eleven subjects (22%) had unilateral disk displacement
with reduction and normal disk position in the contralat-
eral TMJ. There was one subject (2%) with one disk dis-
placement without reduction and the other joint with
normal disk position; 21 subjects (42%) had bilateral disk
displacement with reduction; 13 subjects (26%) had bilat-
eral disk displacement without reduction; and four sub-
jects (8%) had one disk displacement that reduced,
whereas the other did not. All the control subjects were
interpreted as having normal disk position bilaterally.

Measurement Error
When errors in landmark localization during retracing

and redigitization were evaluated, the difference in the
means revealed that the error from both sources was less
than 0.5û for all angular measurements and less than 0.5
mm for all linear measurements (Table 4).

Correlation Between CVT/EVT Angle and Morphological
Face Variables 

Postural variables of the cervical column were signifi-
cantly associated with many of the morphological vari-
ables of the face, in both groups (Table 7). The most
important findings concerned three aspects: 1. the rela-
tionship between postural variables and mandibular size;
2. the relationship between postural variables and
mandibular divergence; and 3. the relationship between
postural variables and overjet.

The CVT/EVT angle was significantly associated with
mandibular length (Go-vpuK) (p<0.001 in both groups),
i.e., the longer the mandible was, the lower the CVT/EVT
angle. The OPT/Ver and CVT/Ver (represents the upper
segments of the cervical column, Tables 1, 2, and 3)
showed a significant positive association with mandibu-
lar length (p<0.001 in the TMD group and p<0.05 in the
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Figure 2
Cephalometric tracing.

Table 4
Method Errors*

s(i) as % of total
sample variance (two

Variable S(i)** groups) (n=100)
SNA .52 2.87
SNB .43 1.87
ANB .68 47.53
CVT/EVT .62 1.43
GoGn/SN .52 1.75
FM .60 2.71
MM .61 3.74
EL .62 .52
SeN .70 3.51
Snp-vpOK .62 1.46
Go-vpUK .52 .68
OPT/Ver .51 .50
CVT/Ver .45 .69
EVT/Ver .44 .25
Overjet .33 4.93
Overbite .26 4.12
Go-Rasc .58 3.10

* Table shows results of error method analysis
** s(i) = √ (∑d2/2n, where d represents the difference 

between double determinations of the same subject 
and n is the sample size (n=15)
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control group). This seems to suggest that the increase in
the CVT/EVT angle was caused by the back inclination
of the upper segment of cervical column. At the same
time, since EVT/Ver (represents the lower segment of the
cervical column, Tables 1, 2, and 3) also showed a sig-
nificant association with mandibular length (p<0.001 in
both groups), it seems to suggest that the increase in the
CVT/EVT angle was also caused by a forward inclination
of the lower segment of the cervical column.

The CVT/EVT angle was significantly associated with
mandibular divergence (GoGn/SN) (p<0.001 in both
groups) since the more divergent the mandible was, the
lower was the CVT/EVT angle. Also, since the EVT/Ver
(Tables 1, 2, and 3) showed a positive significant associ-
ation with mandibular divergence (GoGn/SN) (p<0.001
in TMD group; p<0.05 in control group) and with FM
angle (p<0.05 in both groups), it seems to suggest that 

the change in the CVT/EVT angle was mostly due to a
forward inclination of the lower segment of the cervical
column.

Finally, the CVT/EVT angle was significantly corre-
lated to overjet (p<0.001 in both groups) as the greater
the overjet was, the higher was the CVT/EVT angle. As
EVT/Ver (Tables 1, 2, and 3) showed a significant corre-
lation with overjet (p<0.001 in both groups), this suggests
that the lower segment of the cervical column is responsi-
ble for the changes due to overjet. 

Correlation Between Morphological Face Variables
Correlations between morphological variables were

reported for both groups in Table 8. The most important
findings concerned three aspects: 1. the relationship
among the variables indicating mandibular size and
shape; 2. the relationship between maxillary and mandibu-
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Table 5
Descriptive Statistical Data for the TMD Group (n=50)*

Variable Mean SD 25th Median 75th Range
percentile percentile

Skeletal relations
SNA (degree) 80.49 2.84 79.00 80.50 82.00 74.0-85.5
SNB (degree) 75.42 2.98 74.13 80.50 82.00 69.0-81.0
ANB (degree) 5.07 0.86 79.00 80.05 82.00 4.5-9.0

Cervical variables
CVT/EVT (degree) 7.96 5.11 4.00 7.00 9.75 2.0-30.0
OPT/VER (degree) -0.92 7.18 -8.00 -1.50 5.00 21.5-38.0
CVT/VER (degree) -0.94 5.21 -5.00 0.00 3.00 20.0-34.0
EVT/VER (degree) -8.90 9.31 -13.63 -7.50 -2.00 21.0-33.0

Mandibular size
Go-vpUK (mm) 80.28 3.76 78.00 81.00 83.00 46.0-83.0
EL (mm) 63.70 8.89 56.25 65.00 70.75 65.0-77.0
Go-Rasc (mm) 49.74 3.36 47.25 49.00 51.00 43.5-75.0

Maxillary size
snp-vpOK (mm) 50.50 4.97 47.50 50.50 52.88 70.0-85.5

Vertical variables
Go-Gn/SN (degree) 32.86 3.70 32.00 33.50 35.50 21.5-38.0
FM (degree) 27.96 3.34 25.00 29.00 30.00 20.0-34.0
MM (degree) 28.84 3.15 26.25 29.00 32.00 21.0-33.0

Cranial base size
Se-N (mm) 69.96 3.34 67.00 70.00 71.00 65.0-77.0

Dental variables
Overjet (mm) 3.61 1.15 3.00 3.50 4.00 1.0-6.0
Overbite (mm) 3.47 1.12 3.00 3.00 4.00 1.0-6.0

*Table lists descriptive statistical data for morphological and postural variables in the TMD group (n=50)
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lar base; and 3. the relationship between the lower third of
the face and the upper third.

Mandibular length (Go-vpUK) showed a significant
positive correlation with mandibular divergence
(GoGn/SN) (p<0.05 in both groups), as the longer the
mandible, the more divergent it was. However, EL vari-
able (represents the length of mandible measured as
orthogonal projection on anterior cranial base, as seen in
Tables 1, 2, and 3) was negatively correlated to mandibu-
lar divergence (p<0.05 in both groups). This result is
probably due to the geometrical construction of EL vari-
able: as the GoGn/Sn angle increased, the orthogonal pro-
jection of Pog point and of the posterior point of the
condylar head on SN (L point and E point, respectively)
are more nearly located. Another important finding was
that in the control group, variables indicating mandibular
size (EL and Go-vpUK) and position (SNB) showed a

correlation between EL and Go-vpUK (p<0.05) and SNB
and EL (p<0.05). Also in the TMD group, the variables
SNB and EL showed a highly significant correlation (p =
0.001). In both groups the variables SNB and Go-vpUK
showed no correlation.

Mandibular length (EL) correlated positively with
mandibular sagittal position (SNB) (p<0.001 in TMD
group; p<0.05 in control group), as well as maxillary
length (snp-vpOK) and maxillary sagittal position (SNA)
(p<0.01 in TMD group; p<0.001 in Control group). With
regard to the intermaxillary relationship, the mandibular
sagittal position (SNB) result was positively correlated to
maxillary length (snp-vpOK) (p<0.05 in TMD group;
p<0.05 in control group).

Finally, a close relationship was found between mor-
phological features of the lower third of the face and the
upper third, as maxillary length (snp-vpOK) correlated
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Table 6
Descriptive Statistical Data for the Control Group (n=50)*

Variable Mean SD 25th Median 75th Range
percentile percentile

Skeletal relations
SNA (degree) 83.00 2.79 80.63 83.00 85.00 77.5-88.5
SNB (degree) 77.85 2.77 76.00 78.00 80.00 72.5-82.5
ANB (degree) 5.15 1.09 4.50 5.00 5.00 4.0-9.50

Cervical variables
CVT/EVT (degree) 9.68 5.11 6.13 9.25 12.80 0.5-26.0
OPT/VER (degree) -0.50 7.27 -6.00 -2.00 5.00 -12.0-11.0
CVT/VER (degree) -0.57 5.77 -5.75 -0.75 4.00 -10.0-8.00
EVT/VER (degree) -10.16 8.23 -15.88 -11.25 -3.25 -24.0-6.0

Mandibular size
Go-vpUK (mm) 76.46 7.67 75.20 78.00 81.00 52.0-86.0
EL (mm) 70.16 6.95 65.38 71.50 75.75 53.0-82.5
Go-Rasc (mm) 51.12 3.13 48.25 51.00 54.00 45.0-56.0

Maxillary size
snp-vpOK (mm) 51.01 5.28 47.63 50.00 53.00 42.0-66.0

Vertical variables
Go-Gn/SN (degree) 31.42 4.05 28.25 31.05 34.00 25.0-38.0
FM (degree) 25.86 3.66 22.25 26.00 28.75 20.0-32.0
MM (degree) 27.26 2.88 26.00 28.00 29.00 23.0-32.0

Cranial base size
Se-N (mm) 71.09 4.12 68.00 71.00 73.00 42.0-66.0

Dental variables
Overjet (mm) 3.19 1.78 2.00 3.00 5.00 0.0-6.0
Overbite (mm) 2.91 1.35 2.00 3.00 4.00 0.0-5.5

*Table lists descriptive statistical data for morphological and postural variables in the Control group (n=50)
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Table 7
Correlation Results Between Postural and Morphological Variables of the Two Groups (n=50)

                          TMD group                                                  Control group                      
Variable Correlation Correlation

Associations coefficient r2 Significance coefficient r2 Significance
CVT/EVT SNA 0.284 0.081 0.019* -0.061 0.004 0.096
CVT/EVT SNB 0.284 0.081 0.019* -0.283 0.080 0.020*
CVT/EVT ANB -0.046 0.002 0.098 0.563 0.317 0.000**
OPT/Ver SNA -0.163 0.027 0.073 -0.048 0.002 0.098
OPT/Ver SNB -0.118 0.014 0.086 -0.051 0.003 0.097
OPT/Ver ANB -0.132 0.017 0.083 0.006 0.000 0.100
CVT/Ver SNA -0.132 0.017 0.083 -0.046 0.002 0.098
CVT/Ver SNB -0.085 0.007 0.093 -0.050 0.002 0.098
CVT/Ver ANB -0.143 0.020 0.080 0.008 0.000 0.100
EVT/Ver SNA -0.230 0.053 0.047* 0.001 0.000 0.100
EVT/Ver SNB -0.204 0.041 0.059 0.138 0.019 0.081
EVT/Ver ANB -0.054 0.003 0.097 -0.349 0.122 0.000**
CVT/EVT Go-vpUK -0.499 0.249 0.000** -0.420 0.177 0.000**
OPT/Ver Go-vpUK 0.477 0.227 0.000** 0.372 0.138 0.000**
CVT/Ver Go-vpUK 0.532 0.283 0.000** 0.297 0.088 0.012*
EVT/Ver Go-vpUK 0.572 0.327 0.000** 0.466 0.217 0.000**
CVT/EVT EL 0.291 0.085 0.015* -0.251 0.063 0.037*
OPT/Ver EL -0.147 0.022 0.078 -0.100 0.010 0.090
CVT/Ver EL -0.085 0.007 0.093 -0.066 0.004 0.096
EVT/Ver EL -0.207 0.043 0.057 0.128 0.016 0.084
CVT/EVT Go-Rasc 0.025 0.001 0.099 0.209 0.044 0.056
OPT/Ver Go-Rasc 0.297 0.088 0.012* -0.211 0.045 0.055
CVT/Ver Go-Rasc 0.230 0.053 0.047* -0.179 0.032 0.068
EVT/Ver Go-Rasc 0.115 0.013 0.087 -0.263 0.069 0.031*
CVT/EVT snp-vpOK -0.214 0.046 0.054 0.285 0.081 0.019*
OPT/Ver snp-vpOK 0.067 0.005 0.095 -0.350 0.122 0.000**
CVT/Ver snp-vpOK 0.068 0.005 0.095 -0.279 0.078 0.022*
EVT/Ver snp-vpOK 0.156 0.024 0.076 -0.375 0.141 0.000**
CVT/EVT GoGn/SN -0.378 0.143 0.000** -0.378 0.143 0.000**
OPT/Ver GoGn/SN 0.091 0.008 0.092 0.134 0.018 0.082
CVT/Ver GoGn/SN 0.209 0.043 0.057 0.065 0.004 0.096
EVT/Ver GoGn/SN 0.324 0.105 0.000** 0.286 0.082 0.018*
CVT/EVT FM -0.290 0.084 0.016* -0.131 0.017 0.083
OPT/Ver FM 0.130 0.017 0.083 0.211 0.044 0.056
CVT/Ver FM 0.215 0.046 0.054 0.204 0.042 0.058
EVT/Ver FM 0.279 0.078 0.022** 0.230 0.053 0.047*
CVT/EVT MM -0.192 0.037 0.063 -0.046 0.002 0.098
OPT/Ver MM -0.053 0.003 0.097 0.206 0.043 0.057
CVT/Ver MM 0.054 0.003 0.097 0.152 0.023 0.077
EVT/Ver MM 0.136 0.018 0.082 0.142 0.020 0.080
CVT/EVT SeN -0.174 0.030 0.070 0.193 0.037 0.063
OPT/Ver SeN 0.268 0.072 0.028* -0.421 0.177 -0.000**
CVT/Ver SeN 0.264 0.070 0.030* -0.391 0.153 0.000**
EVT/Ver SeN 0.243 0.059 0.041* -0.408 0.166 0.000**
CVT/EVT Overbite -0.233 0.054 0.046* -0.061 0.004 0.096
OPT/Ver Overbite 0.182 0.033 0.067 -0.042 0.002 0.098
CVT/Ver Overbite 0.146 0.021 0.079 -0.010 0.000** 0.100
EVT/Ver Overbite 0.209 0.044 0.056 0.044 0.002 0.098
CVT/EVT Overjet 0.344 0.118 0.000** 0.344 0.118 0.000**
OPT//Ver Overjet -0.167 0.028 0.072 -0.165 0.027 0.073
CVT/Ver Overjet -0.246 0.060 0.040* -0.158 0.025 0.075
EVT/Ver Overjet -0.326 0.106 0.000** -0.314 0.099 0.001**

* p<0.05      **p<0.01
r2: square of the Pearson’s r correlation coefficient
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Table 8
Correlation Results Between the Considered Morphological Variables of the Two Groups (n=50)

                          TMD group                                                  Control group                      
Variable Correlation Correlation

Associations coefficient r2 Significance coefficient r2 Significance
Mandibular size 
and position

Go-vpUK SNB -0.051 0.003 0.097 -0.010 0.000 0.100
Go-vpUK SNA -0.014 0.000 0.100 -0.018 0.000 0.100
Go-vpUK ANB 0.133 0.018 0.982 -0.021 0.000 0.100
G0-vpUK snp-vpOK 0.160 0.026 0.074 -0.467 0.218 0.000**
Go-vpUK overjet -0.431 0.185 0.000** 0.089 0.008 0.092
Go-vpUK overbite 0.259 0.067 0.033* 0.034 0.001 0.099
Go-vpUK EL -0.159 0.025 0.075 0.227 0.052 0.048*
EL SNA 0.488 0.238 0.000** 0.146 0.021 0.079
EL SNB 0.466 0.217 0.000** 0.244 0.059 0.041*
EL ANB -0.001 0.000 0.100 -0.244 0.060 0.040*
EL snp-vpOK -0.153 0.024 0.076 0.216 0.047 0.053
EL overjet 0.209 0.044 0.056 0.011 0.000 0.100
EL overbite -0.237 0.056 0.044 0.107 0.012 0.088
SNB snp-vpOK 0.268 0.072 0.028* 0.286 0.082 0.018*
SNB overjet 0.123 0.015 0.085 -0.033 0.001 0.099
SNB overbite -0.149 0.022 0.078 0.058 0.003 0.097

Mandibular size and
vertical dimension

Go-vpUK GoGn/SN 0.264 0.069 0.031* 0.246 0.060 0.040*
Go-vpUK FM 0.259 0.067 0.033* 0.046 0.002 0.098
Go-vpUK MM 0.093 0.009 0.091 0.057 0.003 0.097
Go-vpUK GoRasc -0.018 0.000 0.100 -0.052 0.033 0.097
EL GoGn/SN -0.289 0.084 0.016* -0.291 0.084 0.016*
EL FM -0.036 0.093 0.007** -0.283 0.080 0.020**
EL MM -0.189 0.036 0.063 -0.408 0.166 0.000**
EL GoRasc 0.335 0.112 0.000** 0.363 0.131 0.000**
SNB GoGn/SN -0.493 0.243 0.000** -0.161 0.004 0.096
SNB FM -0.510 0.260 0.000** -0.052 0.003 0.097
SNB MM -0.496 0.246 0.000** -0.157 0.024 0.076
SNB GoRasc 0.342 0.117 0.000** -0.060 0.004 0.096

Maxillary size and
position

snp-vpOK SNA 0.301 0.091 0.009** 0.336 0.113 0.000**
snp-vpOK ANB 0.067 0.004 0.096 0.134 0.018 0.082
snp-vpOK overjet -0.133 0.018 0.082 -0.056 0.003 0.097
snp-vpOK overbite -0.163 0.026 0.074 0.022 0.000 0.100
SNA overjet 0.148 0.022 0.078 0.118 0.014 0.086
SNA overbite -0.116 0.013 0.087 0.155 0.024 0.076

Maxillary size and
vertical dimension

snp-vpOK GoGn/SN 0.084 0.007 0.093 -0.246 0.060 0.040
snp-vpOK FM 0.136 0.018 0.082 -0.214 0.046 0.054
snp-vpOK MM 0.031 0.001 0.099 -0.396 0.157 -0.057
snp-vpOK GoRasc -0.121 0.015 0.085 0.173 0.030 0.070
SNA GoGn/SN -0.512 0.263 0.000** -0.125 0.016 0.084
SNA FM -0.498 0.248 0.000** -0.009 0.000 0.100
SNA MM -0.516 0.266 0.000** -0.108 0.012 0.088
SNA GoRasc 0.302 0.091 0.009** -0.089 0.008 0.092

Table continued next page
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positively with anterior cranial base length (SeN) (p<0.001
in TMD group; p<0.001 in control group).

Group Differences
Differences between the groups are reported in Table

9. TMD subjects showed a significantly lower CVT/EVT
angle than control subjects (p<0.05) and also a signifi-
cantly lower mandibular and maxillary protrusion (SNA,
SNB) than control ones (p<0.001). However, mandibular
length (Go-vpUK) was significantly higher in the TMD
subjects than in the control subjects (p<0.01). TMD sub-
jects also showed a higher mandibular divergence
(GoGn/SN angle), facial height (FM angle) and lower
facial height (MM) (p<0.05; p<0.01; p<0.01 respec-
tively) than the control subjects. Mandibular ramus
height was significantly shorter in the TMD subjects than
in the control subjects (p<0.01). Overbite was signifi-
cantly higher in the TMD group than in the control 
subjects (p<0.05). 

Discussion

The aim of this investigation was to evaluate the
CVT/EVT angle without considering systematic effects

of 1. race, 2. sex, 3. age, 4. mandibular inclination, 5. pre-
vious orthodontic treatment, and 6. airway adequacy
problems which, according to previous observations by
several authors,1-22,24-27,56 could influence cervical posture.
For this reason, the selection from the population was
made carefully with regard to the criteria.

A physical examination was done to evaluate cervical
pain, and oral history was not considered because
Visscher41 showed that the oral history, even if useful to
individuate cervical spine pain subjects, cannot exclude
people with pain complaints that do not originate from
the muscles or joints. Instead, physical examination is
likely to include persons with a certain cervical spine pain
in the group; however, the limit to physical examination
is that this method only gives a momentary impression of
the status of the musculoskeletal structures, whereas the
presence of pain can fluctuate over time. Physical exami-
nation of pain was made by using a dynamic/static test to
show that this method is more useful to individuate cervi-
cal spine pain than palpation.41,57 Pain intensity was indi-
cated by the subjects as a score on a visual analogical
scale (VAS) because according to Visscher,41 this type of
evaluation better discriminates between subject differ-
ences. Pain intensity is also dependent on psychological
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Table 8 (cont.)
Correlation Results Between the Considered Morphological Variables of the Two Groups (n=50)

                          TMD group                                                  Control group                      
Variable Correlation Correlation

Associations coefficient r2 Significance coefficient r2 Significance
Anterior cranial base
and morphological
face variables

SeN SNA -0.016 0.000 0.100 -0.097 0.009 0.091
SeN SNB -0.070 0.005 0.095 -0.115 0.013 0.087
SeN Go-vpUK 0.427 0.182 0.000** -0.266 0.071 0.029*
SeN EL -0.460 0.212 0.000** 0.272 0.074 0.026
SeN snp-vpOK 0.319 0.102 0.000** 0.489 0.239 0.000**
SeN overjet -0.219 0.048 0.052 0.149 0.022 0.078
SeN overbite 0.139 0.019 0.081 -0.079 0.006 0.094
Anterior cranial base
and vertical dimension

SeN GoGnSN -0.047 0.002 0.098 -0.305 0.093 0.007**
SeN FM 0.149 0.022 0.078 -0.340 0.115 0.000**
SeN MM -0.077 0.006 0.094 -0.403 0.162 0.000**
SeN GoRasc -0.019 0.000 0.100 0.468 0.219 0.000**
Overjet and overbite
Overjet overbite 0.106 0.011 0.089 0.314 0.099 0.001**
Overjet GoRasc 0.026 0.001 0.099 0.007 0.000 0.100
Overbite GoRasc 0.066 0.004 0.096 -0.048 0.002 0.098

* p<0.05      **p<0.01
r2: square of the Pearson’s r correlation coefficient
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factors, e.g., level of stress or anxiety, and is subjective.58

Therefore, for this evaluation the VAS was not objective
enough to evaluate the variable of pain intensity so that
variable was not included in the statistical analysis.

The most significant finding in this study was that a
straighter cervical lordosis (CVT/EVT angle) correlated
with a great mandibular millimetric length (Go-vpUK) 
in both the test and control groups (p<0.001) (Table 7).
Go-vpUK was also highly positively correlated to
OPT/Ver (p<0.001 in both groups); to CVT/Ver (p<0.001
in TMD group; p<0.05 in control group); to EVT/Ver
(p<0.001 in both groups) (Table 7). These results appear
to suggest that the odontoid process (OPT line) and the
upper segment of the cervical column (CVT line) showed
a back inclination in subjects with long mandibles, while
the lower segment of the cervical column (EVT line
which, according to a normal lordotic curvature of the
cervical spine, generally shows a negative angle with
respect to the true vertical line) showed a forward incli-
nation in subjects with long mandibles. Based on our
results and on the occurrence of a long mandible (high
values of Go-vpUK), while the back inclination of the
OPT line and CVT line goes in the direction of an in-
crease in the CVT/EVT angle (consequently to the
increase in the CVT/Ver)Ñin the same wayÑthe for-
ward inclination of the EVT line goes in the direction of

a decrease in the CVT/EVT angle. This observation
seems to show evidence of different developmental
behaviors of the upper and the lower segments of the cer-
vical column. This agrees with a previous study15 which
referred to a different developmental origin for the upper
and the lower segments of the cervical column. 

Our results agree with those of �zbek21 who showed,
in a group of adult subjects without TMJ disk displace-
ment, that the length of the mandible measured on
cephalometric relative to the effective length of the max-
illa and the anterior cranial base, showed statistically sig-
nificant negative correlations (p<0.001) with the postural
variables indicating the inclination of the cervical column
to the true horizontal (OPT/Hor). 

Another important finding in our study is that the
CVT/EVT angle was highly correlated with mandibular
divergence (GoGn/SN angle) (p<0.001 in both groups)
(Table 7), since the more divergent the mandible, the
lower the CVT/EVT angle. This conclusion is supported
by another result of our study: EVT/Ver was positively
correlated to GoGn/SN (p<0.001 in the TMD group; and
p<0.05 in the control group) and to FM (p<0.05 in both
groups). Why the two different results (negative correla-
tion between CVT/EVT and GoGn/SN and positive cor-
relation between EVT/Ver and GoGn/SN) are in accord
with the same conclusion is explained above. In fact,
according to the construction of the tracings, illustrated in
Table 3 and in Figure 2, an increase in the EVT/Ver
angle directly resulted in a decrease in the CVT/EVT
angle, so that, generally, a morphological variable nega-
tively correlated to the CVT/EVT angle, such as GoGn/
SN, could easily be positively correlated to the EVT/Ver
angle. The association between an increas in facial ante-
rior vertical dimension and the CVT/EVT angle agrees
with previous findings.15-16

A further finding of the study concerns the correlation
between postural variables and overjet, measured in mm.
An increase in overjet resulted in an increase of the
CVT/EVT angle (p<0.001 in both groups). This result is
supported by another finding of the study. EVT/Ver was
highly negatively correlated to overjet in both groups
(p<0.001 in TMD subjects; p<0.01 in control group).
These results seem to suggest that a clinical situation
characterized by a large overjet and the possibility for the
jaw to move in antero-posterior directions could be asso-
ciated with an increase in the CVT/EVT angle. However,
no conclusions are possible regarding the mechanism at
work because of the cross-sectional method of this study.

Important findings of this investigation concern the
differences between the groups with regard to the exis-
tence of statistically significant differences in postural as
well as in morphological variables. 
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Table 9
Differences Between Groups (n=50)

Variable T Z Significance
SNA (degree) 3149.0 4.077 .000**
SNB (degree) 3063.0 3.720 .000**
CVT/EVT (degree) 2835.0 2.137 .033*
OPT/Ver (degree) 2487.5 .422 .673
EVT/Ver (degree) 2339.5 1.276 .202*
GoGn//SN (degree) 2235.5 1.997 .046*
FM (degree) 2125.0 2.767 .006**
MM (degree) 2138.5 2.677 .007**
SeN (mm) 2741.0 1.490 .136
Go-vpUK (mm) 2109.0 2.870 .004**
EL (mm) 3072.0 3.771 .000**
Snp-vpOK (mm) 2512.5 .083 .934
G0-Rasc (mm) 3027.5 2.629 .009**
Overjet (mm) 2348.5 1.232 .218
Overbite (mm) 2223.5 2.120 .034*
* p<0.05 

** p<0.01
T: Mann-Whitney rank sum test (2 codes)
Z: Mann-Whitney rank sum coefficient for large samples 

(details in text)
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The mean value of the CVT/EVT angle was lower in
the TMD group than in the control group (Z: 2.137;
p<.05) (Table 9). This finding suggests that TMD could
influence a decrease in the CVT/EVT angle. But this
assumption can not be made using only cephalometric
relationships and cross-sectional observations, because
we do not know the value of the CVT/EVT angles before
the onset of TMD. With regard to the alteration in cervi-
cal lordosis, Kantor and Norton33 observed that the
normal lordotic curve can be altered as a result of cervical
muscle spasms that cause the patient to posture the head
in an effort to reduce pain and discomfort. The reason
may be found in the neurophysiological principles of
convergence and sensitization.59-60 A constant nocicep-
tive input on second-order neurons may increase the sen-
sitivity of these neurons. Then, non-nociceptive neural
impulses from other areas within the same segment
which converge into these neurons, may give rise to noci-
ceptive sensations. For the craniocervical region, a con-
stant nociceptive input from, for example, the upper part
of the trapezius muscle can lead to an increased sensitiv-
ity of the spinal trigeminal nucleus. Non-nociceptive
stimuli from the masticatory system would then lead to
painful sensations from the trigeminal region.59-60 In such
cases, the patients experience craniomandibular and cer-
vical spinal pain, and the pain can induce the patients to a
new head posture in order to decrease pain. Moya61 stud-
ied the effect of occlusal splints on cranio-cervical rela-
tionships in 15 subjects with muscle spasms in the
sternocleidomastoid process and trapezius muscles.
Cephalometric analysis confirmed that the use of a splint
caused a significant extension of the head on the cervical
spine. There was also a significant decrease in the cervi-
cal spine lordosis in the first, second, and third cervical
segments. However, the findings in the current study are
the results of cross-sectional evaluations at the time of the
diagnosis for the TMD group without regard to the situa-
tion of the TMD subjects before the appearance of inter-
nal derangement. This is why there are no conclusions
regarding possible causes. 

Mandibular length (Go-vpUK) was significantly higher
in the TMD group than in the control group (Z: 2.870;
p<0.01). This result does not agree with those of Dibbets62

who analyzed lateral skull radiographs of 110 subjects
(with TMD) and showed that adults (mean age 26.4, SD
2.6) with signs of clicking were characterized by maxil-
lary and mandibular deficiencies (mandibular length was
measured as length of corpus, from gonion to pogonion,
and diagonal, from articulare to pogonion). The discrep-
ancy with our results could be explained by our smaller
sample. Dibbets62 did not mention a control group with
regard to measuring mandibular and maxillary lengths. 

A further finding in the current study was that the mean
value of EL was significantly lower in the TMD group
than in the control group (Z: 3.771; p<0.001). As illus-
trated in Table 3 and Figure 2, EL is the projection of
mandibular length (from posterior point of condylar head
to Pog point) on SN; so EL line (millimetric distance
between E Point and L Point) could be influenced by
mandibular divergence because of geometrical construc-
tion. However, mean value of the GoGn/SN angle was
significantly higher in the TMD group than in the control
group (Z: 1.997; p<0.05). The combination of these
results (differences between the groups with regard to
GoGn/SN and EL point) clearly makes the interpretation.
Since the variable EL depends, because of its construc-
tion, (Tables 2 and 3, Figure 2), on the GoGn/SN angle,
an increase in the GoGn/SN angle causes geometrically a
decrease of the distance between orthogonal projections
of pogonion and the posterior point of the condylar head
on the SN Line. Also the pogonion and the posterior point
of the condylar head are indifferent to mandibular diver-
gence. For this reason, since mandibular length repre-
sented by the EL line is geometrically influenced by the
GoGn/SN angle, it could be concluded that it is not a con-
venient method by which to study mandibular dimension.

Mandibular protrusion (SNB angle) was significantly
lower in the TMD group than in the control group (Z:
3.720; p<0.001). This was in agreement with previous
results29 which showed lower values of SNB in TMD
subjects. However, the mean value of Go-vpUk (which
indicates mandibular size and not mandibular position, as
indicated by SNB angle) was significantly higher in the
TMD group than in the control group (p<0.01). The com-
bination of the results concerning Go-vpUK and SNB in
the two groups suggests that TMD subjects show a long
mandible (higher Go-vpUK), but more retro-positioned
(lower SNB) than control subjects. It could be hypothe-
sized that the retro-position of the jaw could influence the
position of the condyle, and perhaps the appearance of
internal derangement in the TMJ. But in the current study
we cannot affirm that retro-position of the jaw caused the
retro-position of the condyle, because we do not know the
position of condyle before the occurrence of TMD.
Longitudinal studies are required. In this study, the radi-
ologists observed, generally, a more concentric position
of condyle-fossa in the control group. This observation
was in agreement with Weinberg63,64 (made with the use
of lateral transcranial radiographs and using the method
of an assured condylar position in the fossa through mil-
limeter distance between the condylar margin and fossa
contour) and with Pullinger65 (using a tomogram of the
condyle and the method of assured  condylar position in
the fossa through millimeter distance between condylar
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margin and fossa contour)66 who observed that a non-
concentric condyle-fossa relationship is associated 
with TMD. 

In conclusion, one cannot assume, on the basis of
cephalometric relations in cross-sectional studies, that the
posterior position of the mandible is responsible for a
decrease of the CVT/EVT angle in the test groups.
Longitudinal studies would associate a progressive
decreasing of CVT/EVT angle with a posterior localiza-
tion of the mandible. However, these cross-sectional
observations are only one reason to improve the research
into the neurological and anatomical associations between
the cervical column and the morphological aspects of 
the face.

Although the mean value of the SNA angle was signif-
icantly lower in the TMD group than in the control group
(Z: 4.007; p<0.001), snp-vpOK showed no significant
differences between the TMD and the control groups
(p>0.05). This result suggests that maxillary size does not
influence TMJ function. In both groups, variables repre-
senting maxillary size (SNA and snp-vpOK) showed sig-
nificant correlation as expected, (p<0.01 in the TMD
group; p<0.001 in the control group). With regard to
mandibular dimensions, mandibular length (Go-vpUK),
and position (SNB) did not show a significant correlation.
For the maxillary bone we could affirm the opposite con-
cept, that maxillary size and position are closely linked
(p<0.01 for TMD group; p<0.001 for control group). The
difference between the SNB angle and snp-vpOK, as rep-
resentative variables of the maxillary base, is the same
that exists between the SNA angle and Go-vpUK for the
mandible. In fact, while the SNA angle represents a max-
illary position related to the anterior cranial base (SN)
and seems to influence the TMJ state, as in Brand29 snp-
vpOk represents the real linear length of the maxillary
base, without referring to its position, so its value could
not be associated to TMJ status and, as in the current
study, to CVT/EVT.

The GoGn/Sn angle showed a highly negative correla-
tion with the CVT/EVT angle in both the TMD and con-
trol groups (p<0.001 in both groups). The results, although
the subjects were taken from a normal angle population
as explained in the Material and Methods section, suggest
that divergence of the mandible could influence mandibu-
lar position and, from this, the CVT/EVT angle. Differ-
ences between groups revealed that the mean value of
GoGn/SN angle was significantly higher in the TMD
group than in the control group (Z: 1.997; p<0.05). Also,
the mean value of the FM angle (Z: 2.767; p<0.01) and
MM angle (Z: 2.677; p<0.01) were significantly higher in
the TMD group than in the control group. Our results
agree with those of Stringert and Worms28 and Nebbe.30

Overjet and Overbite
The statistical evidence regarding overbite agreed with

the results of Pullinger and Seligman.67 Many factors
acting at the occlusal level have been suggested as having
a TMJ orthopedic effect, such as a deep incisal overbite,65

associated with class II, division II malocclusions,68-72

although the belief in their role is not universal.73-74 In our
study, overbite was significantly higher in the TMD
group than in the control group (Z: 2.210; p<0.05). Based
on this, our study seems to be in accord with previous
findings.65 Deep bite is commonly said to be a cause of
condylar displacement, TMJ joint clicking, joint pain,75-82

and masticatory muscle tenderness.83 In other studies,
large overbite, usually defined as more than five mm, has
been associated with TMJ pain or clicking in TMD adult
subjects,84 usually among orthodontic subjects with
symptoms,85 and with a reduced jaw opening in children
and young adults.86 In contrast, other studies determined
no difference in overbite between derangement subjects
compared with subjects without derangement,87 or among
adolescents examined for association of large overbite
with TMJ signs or symptoms.88 Pullinger and Seligman67

concluded that overbite and overjet characteristics as iso-
lated variables did not distinguish TMD patient groups.

Anterior Cranial Base Size
The variable SeN showed a positive correlation with

maxillary length (snp-vpOK) in both groups (p<0.001).
These results are in agreement with EnlowÕs89 theory and
phylogenetic packagewhich basically theorizes that the
orientation of the brain seems to influence the spatial
relationship of the face. This result confirms the concept
that mandibular and maxillary length seem to be influ-
enced by anterior cranial base length.90 The fact that there
was no correlation between the SeN and SNA angles in
either group might suggest that, while maxillary length is
related to the craniofacial complex, the position of A
point related to Sn could depend not only on the real mea-
surement of the maxillary base, but also on the position of
S point and N point; so that, the SNA angle does not
reflect the real dimension of the maxillary base. An
increase in the inclination of the sella-nasion reference
line results in the relative posterior positioning of points
A, B, and pogonion, in relation to nasion, and values of
the angles SNA, SNB, and SNPog decrease topographi-
cally.91-92 This is why we used SchwartzÕs51 measure-
ments to describe the morphological correlation between
mandibular and cervical dimensions. Another interesting
finding of this study is that anterior cranial base length
(SeN) did not show significant correlation to the CVT/EVT
angle in either group. Correlation was not expected,
because of the different developmental process. Finally,
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no difference between SeN values in the two groups was
noted; correlation was not expected, based on the fact that
anterior cranial base length probably does not influence
the status of the TMJ. However, the absence of this cor-
relation cannot be compared with those of previous stud-
ies relative to morphological facial variables in TMD
subjects, since those authors did not consider millimeter
measurements of the anterior cranial base (SeN).

Limits of the Study

The primary limitation of our investigation is that we
did not investigate facial and cervical features of the
TMD patients before the appearance of TMD. And
because of that, we cannot assume that the displacement
of the disk is closely linked to an alteration of cervical
lordosis. It is noted that a cross-sectional study can only
provide relationships between morphological variables.
Longitudinal studies are required to better understand the
mechanism at work.

Also, we had to match sample for the quality and the
quantity of cervical pain in the TMD subject group and
evaluate the cervical lordosis aspect on cephalometrics in
the different sub-groups; however, studies on the preva-
lence of cervical pain in TMD subjects should preferably
be performed under blind conditions with regard to the
classification of the subjects and by using an objective
method to measure pain, such us algometry. This limit
hampers the conclusion that the CVT/EVT angle decreas-
ing in TMD patients could cause cervical pain, because
we do not know whether in TMD patients without cervi-
cal pain there is a decreasing of the CVT/EVT angle.
Future studies regarding TMD subjects, whether matched
for the quality and the quantity of cervical pain or not,
will clarify if progressive cervical pain corresponds to a
progressive decrease in the CVT/EVT angle. At the same
time, studies on populations matched for different types
of TMD will clarify what type of TMD causes cervical
pain and an alteration of the cervical lordosis angle. 

Conclusion

Possible conclusions of this investigation are: 
¥ In a group of Caucasian adult females, skeletal class

II, normal angle, with TMJ disk displacement, an
increase of the cervical lordosis angle was associated
with an increase of mandibular and maxillary protru-
sion; with a decrease of mandibular length; with an
increase in overjet; with an increase in mandibular
divergence; and to a decreased overbite. Conclusions
about the how the mechanism works are not possible
because of the cross-sectional nature of this study.

¥ In a group of Caucasian adult females, skeletal class
II, normal angle, subjects with TMJ disk displace-
ment showed the following: different morphological
facial features (assessed using cephalometrics) com-
pared with a matched control group without TMJ
disk displacement; an increased maxillary and
mandibular protrusion; an increased mandibular
length and a decreased mandibular ramus height; and
an increased mandibular divergence. 

¥ In a group of Caucasian adult females, skeletal class
II, normal angle, with TMJ disk displacement, cervi-
cal posture of the upper and the lower segment of the
cervical spine did not show important clinical differ-
ences in cervical posture when compared with a
matched control group without TMJ disk displace-
ment. However, the cervical lordosis angle was 
significantly lower in the study group than in the
control group. 
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