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Abstract: A dogmatic view on occlusion as the main aetiological factor for temporomandibular disorder
(TMD) has been present in the literature for a long time, but a direct scientific correlation between
occlusal disorders and TMD has never been proven. The purpose of this study was to determine the
frequency of TMD signs and tissue-specific diagnoses in a population of 164 asymptomatic participants,
70 removable partial denture wearers and 94 complete denture wearers of an average age of 61.3 years,
by means of clinical manual functional analysis. TMD was found in 42.1% of the participants. No
statistically significant difference in the occurrence of TMD was found between removable partial
and complete denture wearers and between genders (P > 0.05). The most frequent tissue-specific
diagnoses were osteoarthrosis (11%), total anterior disc displacement (9.1%) and partial anterolateral
disc displacement (8.5%). The frequency of tissue-specific diagnoses was also not influenced by the
type of prosthetic replacements.

Key words: Manual functional analysis, occlusion, tissue-specific diagnoses, temporomandibular dis-
order.

INTRODUCTION

There are many studies in the literature showing a fre-
quent incidence of temporomandibular disorders (TMDs)
in general populations and trying to establish their causes
and characteristics (Agerberg and Inkapool 1990; Jagger
and Wood 1992; Wanman 1995; List and Dworkin 1996;
Matsuka et al. 1996; Schmitter et al. 2005). In the last
few decades, many authors investigated the aetiology, di-
agnostics and treatment of TMD. TMD has endogenous
and exogenous causes that affect the neurogenous, myo-
genous and arthrogenous parts of the masticatory system
(Zarb et al. 1994). The endogenous aetiological factors com-
prise idiopathic, systemic, psychosomatic and psychoso-
cial causes of TMD, and the exogenous aetiological fac-
tors include trauma and occlusal disorders (Bumann and
Lotzmann 2002).

The disorder of the arthrogenous intracapsular part of
the masticatory system is called internal derangement (ID)
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Gundulićeva 5, HR-10000, Zagreb, Croatia
Tel: +385-1-480-21-25, Fax: +385-1-480-21-59
Email: niksa.dulcic@zg.htnet.hr

(Farrar 1971). Katzberg et al. (1979) described ID of the
temporomandibular joint (TMJ) as a disturbed relation
between the disk and the mandibular condyle, fossa and
articular eminence, whereas Westesson et al. (1989) de-
scribed it as a localized mechanical fault that disturbs the
normal function of the TMJ.

A dogmatic view on occlusion as the main aetiological
factor of TMD has been present in the literature for a long
time, but a direct scientific correlation between occlusal
disorders and TMD has never been proven (Roberts et al.
1987; Seligman et al. 1988; Cacchiotti et al. 1991; Seligman
and Pullinger 1991; Pullinger et al. 1993; McNamara et al.
1995; Raustia et al. 1995; Henrikson et al. 1997; Celic and
Jerolimov 2002). On the basis of the application of a mul-
tifactorial logistic regression analysis, research has shown
that only 5% to 27% of a TMD sample can be associated
with occlusal factors (De Laat et al. 1986; Pullinger et al.
1993; Pullinger and Seligman 2000).

Some studies examined the incidence of TMD in re-
lation to subjects’ gender, providing rather contradictory
results (Pullinger et al. 1988; Huber and Hall 1990; Lundh
and Westesson 1991; Kuttila et al. 1998; Rutkiewicz et al.
2006). Both Carlsson (1976) and Choy and Smith (1980)
found an increased risk of occurrence of TMD signs in
completely edentulous subjects in relation to dentate sub-
jects. They occurred in 25% to 32% of complete den-
ture wearers (Hansen and Axin 1984; Sakurai et al. 1988).
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Sidelsky and Clayton (1990) found clinical signs of TMD
in 46% of prosthetically treated subjects of an average
age of 58 years. According to the studies by Matsuka
et al. (1996), Papas et al. (1991, p. 7–9) and Iacopino and
Wathen (1993), osteoarthrosis is the most frequent intra-
capsular change in the TMJ, which affects population older
than 60. Holmlund et al. (1989) found osteoarthrosis in
77% of the subjects aged 43 on average, whereas Öberg
et al. (1971) found it in 41% of cadavers on autopsy. Ante-
rior disc displacement was determined in 15% to 55% of
the TMJs examined by clinical investigation and magnetic
resonance imaging (MRI) (Kircos et al. 1987; Westesson
et al. 1989; De Mot et al. 1994; Tallents et al. 1996; Whyte
et al. 2006). However, the findings of such studies have
considerable variations due to differences in the terminol-
ogy of description, data collection, technical and analytic
approaches and individual factors selected for the study
(McNeill 1993).

Although MRI has become a standard procedure in
the diagnostics of ID of the TMJ (Westesson et al. 1987;
Katzberg et al. 1996; Eberhard et al. 2000), clinical func-
tional analyses have not lost their importance, primarily
because due to financial and technical reasons, it is often
impossible to apply MRI in everyday practice. Further-
more, the research by Widmalm et al. (2006) stated that
diagnosis of TMD on the basis of MRI protocols made
by a single examiner should not be accepted as criterion
standard with regard to TMJ disorders. These arguments
encouraged the choice of clinical manual functional anal-
ysis according to Bumann and Groot Landeweer (1992a,
1992b) as the examination procedure in this study.

Clinical manual functional analysis comprises or-
thopaedic test procedures that examine the incidence,
intensity and time of development of clinical signs of
TMD using specific techniques of loading the structures
within the joint capsule (Bumann and Lotzmann 2002).
Lobbezoo-Scholte et al. (1993, 1995) have already shown
the diagnostic value of orthopaedic tests in the TMD diag-
nostics. Bumann and Zaboulas (1996) proved the validity
and reliability of manual functional analysis by compari-
son of the MRI results and the manual functional analysis
results of their study. A correspondence of the results was
found in 80% to 94% of the subjects.

Manual functional analysis was used for the purpose of
this study to determine the frequency of signs of TMD and
tissue-specific diagnoses in a population of asymptomatic
participants, removable partial and complete denture wear-
ers. A further aim was to determine a correlation between
the incidence of tissue-specific diagnoses in relation to the
participants’ gender and the side of TMD occurrence.

MATERIALS AND METHODS

The study was conducted by a single examiner on patients
at the Clinic of the Department of Prosthetic Dentistry,
Faculty of Dentistry, University of Zagreb, Croatia, in
the course of 4 months. Two hundred patients, remov-

able partial or complete denture wearers, were randomly
chosen during their recall visits. An examination list made
according to the Principles of Helsinki/Belmont was used
for the purpose of the study (Dulčić 2001). Personal data of
each participant were taken first, followed by anamnestic
data. The criteria of inclusion of the patients in the study
were the following: a patient’s voluntary consent to partic-
ipate in the study, and that a patient had been a complete
or removable partial denture wearer for at least 1 year.
Thirty-six patients who reported at least one of the follow-
ing factors were excluded from the study: TMD symptoms
(pain, clicking and crepitation in the TMJ area), trauma
of the orofacial system, previous orthodontic treatment,
impossibility of opening the mouth for more than 40 mm
or mandibular deviation at an opening movement. Clinical
examination of the signs of TMD was carried out on the
patients that met the criteria for participation in this study
by means of manual functional analysis. The sample com-
posed of 164 asymptomatic participants aged between 42
and 88 (mean age = 61.3) – 70 removable partial denture
(RPD) wearers and 94 complete denture (CD) wearers;
there were 52 men and 112 women.

Manual functional analysis according to Bumann and
Lotzmann (2002) was used for individual examination
of the structures within the TMJ and masticatory mus-
cles. It consists of two parts: unspecific examination and
specific examination. Unspecific examination comprises ex-
amination of active and passive mandibular movements
and isometric strain of the masticatory muscles (Bumann
and Groot Landeweer 1992a, 1992b; Bumann and
Lotzmann 2002). It enables basic distinction of the causes
of the disorders experienced by patients, that is, it deter-
mines whether the cause is of arthrogenous, myogenous or
neurogenous origin. Specific examination comprises several
techniques that include passive compressions, tractions,
translations, dynamic compressions and translations, and
joint and muscle palpation (Bumann and Groot Landeweer
1992a, 1992b; Bumann and Lotzmann 2002). Passive com-
pressions, tractions and translations are commonly called
TMJ examination techniques. They examine TMJ move-
ments, the so-called joint play. These techniques are used
for distinction of the changes in the area of joint sur-
faces, joint ligaments, joint capsule and the bilaminar zone
(Bumann et al. 1993; Bumann and Lotzmann 2002). Di-
agnosis of functional disorders of individual masticatory
muscles is made by palpation, whereas functional dis-
orders of the joint are diagnosed by means of dynamic
compressions and translations. The moment, intensity and
quality of clicking in the pathway of the condyles are ob-
served after each compression and translation, and com-
pared with the results of active movements without ma-
nipulation. The occurrence of pain and crepitation is also
recorded.

Clicking, crepitation and pain are clinical signs of spe-
cific significance for clinical diagnosis of TMD. Clicking is
considered to be a sign of disk displacement, crepitation is
considered as a sign of osteoarthrosis, and pain in the area
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of masticatory muscles or the TMJ as a sign of an acute
inflammatory process. The tissue-specific diagnoses that
were made using manual functional analysis in this study
are shown in Table 1.

The data collected in this study were stored in the com-
puter for each participant and analysed using the SPSS
12.0 for Windows program. The results were presented
by descriptive statistics. The chi-square test for indepen-
dent samples and Fischer’s test were used for establish-
ing the significance of the difference in the frequency of
tissue-specific diagnoses, depending on different groups
of the participants (in relation to the type of prosthetic
replacement: RPD and CD; the side of TMD occurrence:
unilateral/bilateral; and the participants’ gender). The sig-
nificance levels of P > 0.05, P < 0.05 and P < 0.01 were
established.

RESULTS

In this study, TMD was found in 69 (42.1%) partici-
pants and in 108 (32.9%) TMJs. TMD was diagnosed in
50 TMJs of 31 (44.3%) RPD wearers and in 58 TMJs of
38 (40.4%) CD wearers. No statistically significant differ-
ence in the total occurrence of TMD was found between
RPD and CD wearers (P > 0.05). Distribution according
to gender showed that TMD was found in 49 (43.7%)
women and 20 (38.5%) men. No statistically significant
difference in the total occurrence of TMD was found be-
tween genders (P > 0.05). In 30 participants, TMD was
found unilaterally, and in 39 participants bilaterally. No
statistically significant difference in the total occurrence of
TMD was found in relation to the side of TMD occur-
rence (P > 0.05). The tissue-specific diagnoses of TMJ
disorders were established on the basis of the findings
achieved by manual functional analysis. Out of 69 partic-
ipants with a tissue-specific diagnosis, 9 participants had
diagnoses of myogenous origin and others had diagnoses of
arthrogenous origin. A statistically significant difference in
the occurrence of tissue-specific diagnoses was found be-
tween myogenous and arthrogenous diagnoses (P < 0.01).
The most frequent tissue-specific diagnoses in the total
sample were osteoarthrosis in 18 (11%) participants, total
anterior disc displacement in 15 (9.1%) participants and
partial anterolateral disc displacement in 14 (8.5%) par-
ticipants, whereas other tissue-specific diagnoses occurred
in 22 (13.4%) participants (Table 1). There were no signs
of the following tissue-specific diagnoses: osteoarthritis,
partial anteromedial disc displacement, disc displacement
with adhesion, cartilage hypertrophy, disc displacement
with terminal reposition and capsulitis. In relation to the
type of prosthetic replacement, a statistically significant
difference was found between RPD and CD wearers in
the occurrence of osteoarthrosis (P < 0.05), myofascitis
of the lateral pterygoidal muscle (P < 0.05) and partial
anterolateral disc displacement (P < 0.01). According to
the participants’ gender, a statistically significant differ-
ence was found between men and women in the occur-

rence of myofascitis of the lateral pterygoidal muscle (P
< 0.05) and capsulitis of the lateral ligament (P < 0.05).
No statistically significant difference in the frequency of
tissue-specific diagnoses was found in relation to the side
of TMD occurrence (P > 0.05).

DISCUSSION

Studies on various populations have shown that clinical
signs of TMD occur in 14% to 80% of subjects (Agerberg
and Inkapool 1990; Jagger and Wood 1992; Wanman 1995;
Matsuka et al. 1996; List and Dworkin 1996; Schmitter
et al. 2005). In this study, clinical signs of TMD were found
in 42.1% of the participants, which is midway between the
large range of the results obtained by other authors. This
large range of the results can be explained by the application
of different methods of clinical functional analysis of the
masticatory system.

In this study, 44.3% of the RPD wearers and 40.4%
of the CD wearers had clinical signs of TMD, which cor-
responds to the study conducted by Hansson and Öberg
(1977) and Sidelsky and Clayton (1990), and which in-
dicates a slightly higher percentage than that found by
Hansen and Axin (1984) and Sakurai et al. (1988). A higher
frequency of clinical signs of TMD was found in RPD
wearers than in CD wearers, which can be explained by
preserved teeth in the supporting zones, but no statisti-
cally significant difference was found between RPD and
CD wearers in the occurrence of TMD (P > 0.05). Conse-
quently, if a prosthetic replacement is fabricated correctly,
there is no difference in the occurrence of TMD between
RPD and CD wearers, and long-span replacements have
no aetiological importance for the development of TMJ
disorders.

Although many studies indicated a higher frequency of
TMD signs in females (Pullinger et al. 1988; Huber and
Hall 1990; Wanman 1995; Kuttila et al. 1998; Rutkiewicz
et al. 2006) than in males, this study did not report any
statistically significant difference in the occurrence of clin-
ical signs of TMD and tissue-specific diagnoses between
genders (P > 0.05). This is in accordance with the re-
sults by Lundh and Westesson (1991), Carlsson (1999)
and Rutkiewicz et al. (2006). The reason for this could
be the same course of aging processes in both genders of
elderly populations.

No statistically significant difference in the occurrence
of TMD was found in relation to the side of occurrence
(P > 0.05), and tissue-specific diagnoses were found bilat-
erally in 56% of the participants.

The occurrence of the tissue-specific diagnoses of TMJ
disorders from this study was compared to the results
achieved mainly by means of MRI by other authors. A sta-
tistically significant difference was found in the occurrence
of myogenous and arthrogenous diagnoses (P < 0.01).
This result can be explained by a higher pain tolerance
and a higher biological capacity of adaptation in asymp-
tomatic participants with respect to a higher frequency of
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Table 1 Frequency of tissue-specific diagnoses in relation to the type of prosthetic replacement, side of TMD occurrence and
participants' gendera.

RPD (n = 70) CD (n = 94) Total (N = 164) Total (N = 164) Total (N = 164)

Tissue-specific Participants Joints Participants Joints Participants Joints Unilateral Bilateral Female Male
diagnosis (n = 70) (n = 140) (n = 164) (n = 328) (n = 94) (n = 188) (n = 112) (n = 52)

Myogenous
Myofascitis of

contractor muscles
0 0 2 4 2 4 0 2 2 0

Myofascitis of the
lateral pterygoidal
muscle

5 7 2 4 7 11 3 4 7 0

Capsulitis of the
lateral ligament

3 3 2 2 5 5 5 0 5 0

Osteoarthrosis 4 8 14 21 18 29 7 11 10 8

Arthrogenous
Disc hypermobility 0 0 2 4 2 4 0 2 2 0
Partial anterolateral

disc displacement
11 19 3 3 14 22 6 8 11 3

Total anterior disc
displacement

6 9 9 14 15 23 7 8 8 7

Condyle
hypermobility

2 4 4 6 6 10 2 4 4 2

Total 31 50 38 58 69 108 30 39 49 20

aRPD = removable partial denture; CD = complete denture.
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myogenous diagnoses in symptomatic groups of subjects
(Cacchiotti et al. 1991; Tallents et al. 1996). No statistically
significant difference was established in the occurrence
of myogenous and arthrogenous diagnoses between RPD
and CD wearers, which is in accordance with the find-
ings by Roberts et al. (1987) and Lundh and Westesson
(1991). In this study, osteoarthrosis was diagnosed in 11%
of the participants, which corresponds to the results ob-
tained by Kopp (1977), Papas et al. (1991, p. 7–9), Iacopino
and Wathen (1993) and Matsuka et al. (1996), while other
authors found osteoarthrosis in 77% of the joint sur-
faces (Öberg et al. 1971; Holmlund et al. 1989). This
study reported anterolateral displacement as the most fre-
quent disc displacements, which shows that stratum in-
ferius of the bilaminar zone is a tissue often damaged
by TMD. Other clinical and MRI studies indicated sim-
ilar results (Kircos et al. 1987; Westesson et al. 1989;
De Mot et al. 1994; Tallents et al. 1996; Whyte et al.
2006).
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