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Comparison of Skeletal and Dental Morphology in
Asymptomatic Volunteers and Symptomatic Patients with
Normal Temporomandibular Joints

loanna K. Gidarakou, DDS?; Ross H. Tallents, DDSP; Stephanos Kyrkanides, DDS, PhDs;
Scott Stein, DMD¢; Mark E. Moss, DDS, PhDe

Abstract: The purpose of this study was to evaluate the skeletal and dental pattern of symptomatic
individuals (SN) with normal temporomandibular joints (TMJs). There were 42 symptomatic female pa-
tients with bilaterally normal TMJs and 46 asymptomatic normal female volunteers (AV). All study par-
ticipants had bilateral high-resolution magnetic resonance scans in the sagittal (closed and open) and
coronal (closed) planes to evaluate the TMJs. Linear and angular cephalometric measurements were taken
to evaluate the skeletal, denture base, and dental characteristics of the two groups. ANOVA was used to
compare the symptomatic subjects with the control subjects. There were no significant differences between
the two groups besides the lower incisor being more retruded in the asymptomatic group. This study
showed that there are no alterations in skeletal morphology in SN individuals compared with AV. (Angle

Orthod 2003;73:116-120.)
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INTRODUCTION

Temporomandibular disorder (TMD) is a collective term
embracing a number of clinical problems that involve the
masticatory musculature, the temporomandibular joint
(TMJ) or associated structures. Temporomandibular disor-
ders have been identified as amajor cause of nondental pain
in the orofacial region and are considered to be a subclas-
sification of musculoskeletal disorders.t Although TMD
was previously viewed as one syndrome, current research
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supports the view that it is a cluster of related disordersin
the masticatory system that has many common symptoms.?
The most frequent presenting symptom is pain, usualy lo-
calized in the muscles of mastication, preauricular area, or
the TMJ. In addition to complaints of pain, patients with
these disorders frequently have limited or asymmetric man-
dibular movement and TMJ sounds. These sounds are most
frequently described as clicking, grating, or crepitus. A
general categorization of the intra-articular conditions can
include disk displacement with reduction, disk displace-
ment without reduction, and disk displacement without re-
duction with degenerative joint disease (DJD).

Dibbets et a suggested that the prevalence of subjec-
tively communicated symptoms of TMJ dysfunction appear
to consistently increase with age, with a stabilization of the
prevalence at young adulthood.® Autopsy studies in both
young and mature adults show disk displacement (DD) in
10-32% of the genera population.*®> Many studies found
prevalence of DD in the general population ranging from
15% to 34%.5* All these studies demonstrate that DD can
be present in patients without clinical signs and symptoms.
The finding of a high prevalence of joint abnormalities in
asymptomatic volunteers is not unique to the TMJ. Mag-
netic resonance imaging studies of other joints (cervical
spine, lumbar spine, knee) in asymptomatic subjects indi-
cate similar disease prevalences.’>'® On the other hand, not
all TMJ pain, clicking, and limited jaw motion can be re-
lated to DD within the TMJ.*® Paesani et a® studied 115
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patients with signs and symptoms of craniomandibular dis-
orders. Of those, 78% had different stages of unilateral or
bilateral DD and 22% had bilaterally normal TMJs. Dwor-
kin et al suggested that patients complaints are not related
with the degree of pathology.*

The presence of DD has been suggested to affect the
skeletal morphology. Nebbe et a have suggested that ad-
olescent female patients presenting for orthodontic treat-
ment with bilateral DD showed numerous angular and lin-
ear cephalometric differences compared with age-matched
female controls.??2 Another study investigated the amount of
craniofacial asymmetry in female orthodontic patients with
unilateral or bilateral TMJ DD compared with normal con-
trols without DD using posteroanterior films. The authors
suggested that a female patient with unilateral or bilateral
DD might present with or develop a vertical mandibular
deficiency.®

This study will compare asymptomatic volunteers (AV)
and symptomatic normal (SN) subjects presenting with lo-
calized jaw joint pain for skeletal and dental morphologic
changes.

MATERIALS AND METHODS
Materials

There were 46 asymptomatic normal female volunteers
(AV) and 42 symptomatic age-matched females with bilat-
erally normal joints (SN). The age range was 28.3 = 6.7 y
for the AV, whereas the mean age of the symptomatic sub-
jects was 28.9 = 10.7 y. All study participants read and
signed an informed consent form before the study initiation
that was approved by the Research Subjects Review Board
of the University of Rochester, School of Medicine and
Dentistry.

All asymptomatic volunteers answered a solicitation for
examination and inclusion in the study. They were all ex-
amined by one investigator (Dr Tallents) and were accepted
in the study following completion of:

1. A TMJ subjective questionnaire documenting the ab-
sence of jaw pain, joint noise, locking, and positive his-
tory of TMD.

2. A clinica TMJ and dental examination for signs and
symptoms commonly associated with TMD or interna
derangement. All symptomatic subjects had localized
jaw joint pain and pain on movement or when eating.
Vertical opening, right and left mandibular movements
were measured and recorded. The masseter, anterior,
middle, and posterior temporalis and temporalis tendon
area were digitaly palpated. All asymptomatic volun-
teers demonstrated a maximal opening of at least 40
mm. The asymptomatic and symptomatic subjects were
not blinded to the examiner.

3. All study participants had bilateral high-resolution mag-
netic resonance scans (MRIs) in the sagittal (closed and
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open) and coronal (closed) planes to evaluate the TMJs
as described by Katzberg et al® and Westesson et al.6 A
detailed magnetic resonance assessment of both TMJsin
all subjects was performed with a 1.5 T MR system
(Signa scanner, General Electric Medical Systems, Mil-
waukee, Wis) using bilateral high resolution 6 X 8 cm
rectangular surface coils with the jaw in the closed and
opened sagittal positions and closed coronal positions.
Aninitial axia localizer with a 52-second scanning time
was performed with a repetition time (TR) of 400 mil-
liseconds, a echo time (TE) of 16 milliseconds, a field
of view (FOV) of 18 cm, a dlice thickness of 3 mm, and
a 256 X 128 scanning matrix. These images were ac-
quired to protocol paired orthogona sagittal planes of
both TMJs in the closed jaw position with a TR of 2000
milliseconds, TEs of 19 and 80 milliseconds, 3-mm im-
age dlice thicknesses, FOV of 10 cm, and a scanning
matrix of 256 X 192. These were followed by paired
sagittal plane open jaw images with a TR of 1500 mil-
liseconds and TEs of 19 and 80 milliseconds. The final
imaging sequence was with the jaw closed and acquired
coronal images of both TMJs with a TR of 2000 milli-
seconds and TEs of 19 and 80 milliseconds. The sagittal
images were perpendicular to the long axis of the con-
dyle, and the corona images were obtained paralel to
the long axis of the condyle. The MR studies were in-
dependently assessed by two readers who used estab-
lished criteria for DD and were blinded to the clinical
information. Each study participant was classified as AV
or SN.

4. All study participants had lateral cephalograms with the
teeth in centric occlusion position. All cephalograms
were taken with a B.F Wehmer cephalostat orientated
with the Frankfort Horizontal parallel to the floor. The
exposure was 77 KVP and 100MAS with the distance
of the film to the midsagittal plane to b at 11 cm. All
cephalograms were taken on the same radiographic ma-
chine at the Orthodontic Clinic set for standardized ex-
posure.

Null hypothesis

There are no statistically significant differences between
skeletal, denture base, and dental characteristics of SN pa-
tients compared with a sample of individuals with bilateral
normal asymptomatic TMJs.

Cephalometric measurements

Figure 1 shows the cephal ometric landmarks used. Tables
1-5 summarize the angular and linear cephalometric mea-
surements used in this study. These measurements were cat-
egorized as crania base measurements, profile anaysis,
denture base, dental pattern, and vertical relationship mea-
surements.
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FIGURE 1. Cephalometric landmarks used.

TABLE 1. Cranial Base Measurements*

AV-Na SN
Measurements Mean SD Mean SD
S-Na 73.06 3.28 72.05 2.90
Ba-Na 110.1 4.66 108.7 4.09
Ba-S 47.18 2.54 46.33 3.71
Ba-S-Na 131.7 5.05 132.7 5.69

* P values equal to or less than .05 were considered significant.

2AV-N indicates asymptomatic volunteer with bilateral normal tem-
poromandibular joints; SN, symptomatic TMD patient with bilateral
normal joints.

Statistical method

The analysis of variance (ANOVA) was used to reveal
any statisticaly significant differences between the control
group and the experimental group. All subjects were
matched for age. The P value was calculated for each of
the variables with a level of significance for each test es-
tablished at .05.

Error of measurement

Errorsin landmark localization during tracing were eval-
uated by retracing 20 cephalograms in the experimental and
control groups. The reliability of tracing, landmark identi-
fication, and analytical measurements had intraclass corre-
lation coefficient greater than .92.

RESULTS

Tables 1-5 summarize the findings of the measurements.

From the tables above it can be seen that there are few
significant differences between the experimental and con-
trol groups. The cranial base, skeletal profile, denture base,
and vertical measurements showed no statistical differenc-
es. The lower incisor was more retruded in the SN group
(Figure 2).
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TABLE 2. Profile Analysis*

AV-N2 SN
Measurements Mean SD Mean SD
FH to Na-Pg 89.18 3.10 89.12 3.26
FH to Na-A 90.71 2.99 91.11 3.52
Na-A-Pog 2.99 6.23 4.06 5.70

* P values equal to or less than .05 were considered significant.

a2 AV-N indicates asymptomatic volunteer with bilateral normal
temporomandibular joints; SN, symptomatic TMD patient with bilat-
eral normal joints.

TABLE 3. Denture Base Measurements*

AV-N2 SN
Measurements Mean SD Mean SD
ANS-PNS 56.30 3.84 56.41 4.09
SNA 81.81 3.74 81.48 3.51
SNB 79.18 3.69 78.43 3.27
ANB 2.64 2.52 3.05 2.22
A-B to FP —-4.99 3.54 —-5.51 3.39

* P values equal to or less than .05 were considered significant.

a AV-N indicates asymptomatic volunteer with bilateral normal
temporomandibular joints; SN, symptomatic TMD patient with bilat-
eral normal joints.

TABLE 4. Denture Pattern

AV-Na SN

Measurements Mean SD Mean SD

FH to OP 5.14 3.67 447  4.45
Ulto Ll 128.2 841 1330 12.05
Ul to PP 109.2 6.81 108.6 8.02
Ul to FH 110.7 6.85 1104 7.70
Ul to S-Na 101.8 6.87 100.8 7.62
U1l to A-Pog 23.30 6.70 23.44  8.38
U1 perpendicular to A-Pog 7.38 2.06 731 296
L1 to MP 5.89 7.18 233 6.78
L1 to OP 25.10 6.92 2259 7.82
L1 to A-Pg 27.70 4.44  24.04* 573
L1 perpendicular to A-Pog 4.14 1.84 3.73 2.51
Overbite (perpendicular to FH) 2.88 1.70 2.69 2.30
Overijet (parallel to FH) 3.07 1.18 3.30 2.08

* P values equal to or less than .05 were considered significant.

2 AV-N indicates asymptomatic volunteer with bilateral normal
temporomandibular joints; SN, symptomatic TMD patient with bilat-
eral normal joints.

DISCUSSION

In an attempt to formulate an operational definition for
TMD, Dibbets et al® discriminated between subjective
symptoms of the patient, objective symptoms (signs), and
radiographic findings. His study involved 67 orthodontical-
ly treated children followed for a period of 15 years after
the initiation of the orthodontic treatment. He concluded
that only weak predictions of symptoms could be made
from earlier signs and symptoms. Furthermore, pain occur-
ring in the young adult occurred rather independent of other
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TABLE 5. Vertical Relationships*

AV-N2 SN

Measurements Mean SD Mean SD
MP to FH 24.36 491 24.91 5.59
S-Gn to FH 58.02 2.92 58.39 3.77
Na-ANS (UFH) 53.80 3.06 52.84 3.08
ANS-Me (LFH) 65.99 4.83 67.00 5.29
Na-Me (TFH) 119.8 5.49 119.8 6.15
UFH: TFH 44.94 2.37 44.14 2.43
SE-PNS 49.20 3.15 48.45 3.79
Ar-Go 47.86 5.11 47.96 451
U6 perp PP 23.45 1.93 24.27 2.32
U1 perp PP 29.23 2.71 29.51 2.86
L6 perp MP 32.37 2.40 32.95 2.96
L1 perp MP 41.97 2.49 42.58 3.92
PP to OP 6.65 3.80 4.47 4.45
PP to MP 25.86 4,99 26.56 5.13
PP to FH -1.09 3.54 -1.70 2.97
Ar-Go-Gn 126.5 5.55 127.3 4.98
Anti-gonial notch 171.7 7.58 171.5 9.25

* P values equal to or less than .05 were considered significant.

a AV-N indicates asymptomatic volunteer with bilateral normal
temporomandibular joints; SN, symptomatic TMD patient with bilat-
eral normal joints.

FIGURE 2. Significant measurements of the denture pattern (L1 to
A-Pog).

complaints or objective signs of problems in the TMJ re-
gion.

The results of this study showed that there were no dif-
ferences in the skeletal, denture base, and dental character-
istics when AV individuas are compared with SN. Both
groups exhibited normal disk position. Studies have shown
that DD can affect skeletal symmetry. Nebbe et a? have
suggested that adolescent female patients presenting for or-
thodontic treatment with bilateral DD show numerous an-
gular and linear cephalometric differences compared with
aged-matched female controls, including increased mandib-
ular and palatal planes relative to sella-nasion, posterior ro-
tation of the mandible, a decrease in Rickett's facial axis,
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reduced posterior facial height, and ramal height as well as
a dlight increase in middle anterior facial height and a de-
creased posterior cranial base height. Another study? in-
vestigated the amount of craniofacial asymmetry in femae
orthodontic patients with unilateral or bilateral TMJ DD
compared with normal controls without DD using postero-
anterior films. Females with bilateral DD had significantly
greater asymmetry in the vertical position of the antego-
nion. If the DD was more advanced on one side, then the
ipsilateral ramus was shorter, resulting in significant asym-
metry of the mandible. The authors concluded that afemale
patient with unilateral or bilateral DD might present with
or develop a vertical mandibular deficiency.

The results of this study suggest that pain in the TMJ
can be present without any radiographic evidence (MRI) of
DD. This agrees with Paesani et a who studied 115 pa-
tients with signs and symptoms of craniomandibular dis-
orders. Of those, 78% had different stages of unilateral or
bilateral DD, but 22% had bilaterally normal TMJs. They
also concluded that the structural difference between pain-
ful and nonpainful DD as seen in imaging studies is not yet
clear. Another study suggested that patient complaints are
not related to the degree of pathology.?* The authors sug-
gested that TMD is a chronic pain condition that shares
many features with other common chronic pain conditions.
Most chronic pain patients seem to bear their condition ad-
equately and thus maintain adaptive levels of psychosocial
function. By contrast, a psychosocialy dysfunctional seg-
ment of the chronic pain population appears unable to cope
as well and demonstrate higher rates of depression, soma-
tization, and health care use, even though persons in this
segment are not different from their functional peers on the
basis of observable organic pathology. Therefore, the only
discriminative criterion between the two study groups, AV
and SN, is pain. This agrees with the results in the present
study because there were no dental or skeletal changes in
the lateral cephalograms when the AV and the SN subjects
were compared.

On the other hand, a high prevalence of internal derange-
ment in asymptomatic volunteers has been suggested. Thus,
presence of DD does not guarantee presence of symptoms.
There is also a statistically significant higher prevalence of
DD in symptomatic subjects. Westesson et al® found 15%
of their asymptomatic volunteers to have unilateral DD us-
ing unilateral TMJ arthrography. Tallents et a” in a study
of evaluation of TMJ sounds in asymptomatic volunteers
found that 24% of them had one or two abnormal joints
(DD) as diagnosed by MRI. Ribeiro et al® found the prev-
alence of DD in asymptomatic children and young adults
to be 34%. They suggested that 13.8% had bilateral symp-
tomatic, normal joints, 28% had unilatera DD, and 58%
had bilateral DD. They also suggested that DD is relatively
common in asymptomatic volunteers and is highly associ-
ated with patients presenting with TMD (86%).

Another investigation compared the prevalence of DD in
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76 asymptomatic volunteers and 102 symptomatic subjects
using MRI. This study showed a high prevalence (33%) of
internal derangement in asymptomatic volunteers and also
a statistically significant higher prevalence (77%) in symp-
tomatic subjects. The same conclusions can be drawn from
other studies. Tallents et al*® compared MRI findings in 82
asymptomatic volunteers and 263 symptomatic patients.
DD was observed in 33% of the asymptomatic volunteers
and 84% of the symptomatic patients. Similar results (32%)
in asymptomatic volunteers were found by Kircos et a.**

The interesting finding of high prevalence of DD in
asymptomatic volunteers is not unique to the TMJ. Mag-
netic resonance imaging studies of asymptomatic subjects
in the knee, cervical spine, and lumbar spine indicate sim-
ilar disease prevalences in asymptomatic subjects in these
body parts as well.*>7 Brunner et a*® showed that half the
number of asymptomatic athletes included in the study had
significant baseline knee MRI scan abnormalities.

The absence of significant differences between the two
groups studied should not come as a surprise. Neither of
the subjects presented with DD that could potentially affect
the craniofacial morphology. Pain can also be present with
no obvious pathology in the TMJ region. The clinician
should be aware of the prevalence of DD in asymptomatic
subjects and also of the possibility of pain symptoms in
patients with otherwise normal anatomy.

CONCLUSIONS

This study supports the contention that there are no sig-
nificant morphologic changes as seen from the lateral ceph-
alograms when asymptomatic normal volunteers and symp-
tomatic normal subjects are compared.
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