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Objectives: The purpose of this study was to deter-
mine the range of motion (ROM) of the temporo-
mandibular joint (TMJ) in males and in females by
using digital inclinometer and its correlation with the
interincisial distance.

Patients and Methods: One hundred and five healthy
(50 males, 55 females) volunteers who were studying
at our university participated in this study. Maximum
opening, right-left excursion and protraction degrees
were determined with electronic digital inclinom-
eter which was extremely sensitive but practicable.
Besides, interincisial distance was measured by using
vernier caliper during maximum mouth opening.

Results: The average values for males and females
were found as follows: maximum mouth opening
30.58°, 27.16°; right excursion 4.96°, 6.85°; left excur-
sion 5.40°, 7.43° and protraction 13.38°, 11.85°,
respectively. Interincisial distances were measured as
52.4 mm in males and 52.2 mm in females.

Conclusion: The evaluation of ROM values for the
TMJ are important in the diagnostic and treatment
of the musculoskeletal and neurological diseases
affecting joint movement. We conclude that inter-
incisial distance measurements may be a practical
method for the evaluation of the derangements in
this joint.
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Amagc: Calismamizda dijital elektronik inklinometre
kullanarak erkek ve kadinlarda temporomandibular
eklemin (TME) eklem hareket agikhgi (EHA) degerle-
rinin belirlenmesini ve interinsizal mesafe ile korelas-
yonunu arastirmayl amagladik.

Hastalar ve Yéntemler: Universitesimizin farkli
bélimlerinde okuyan toplam 105 &grenci (55 kadin,
50 erkek) génulli olarak deneye katildi. Son derece
hassas olmasina karsin kolay uygulanabilen bir alet
olan elektronik dijital inklinometre ile maksimal acil-
ma, sagd-sol ekskursiyon ve protraksiyon dereceleri
belirlendi. Ayrica maksimum agiz agikhgi esnasinda
interinsizal mesafe kayan kaliper yardimiyla &l¢ilda.

Bulgular: Olgiimlerimiz sonucunda erkek ve kadin-
larda sirasiyla maksimum agilma derecesi 30.58°,
27.16°; sag ekskursiyon 4.96°, 6.85°; sol ekskursiyon
5.40°, 7.43° ve protraksiyon ise 13.38° 11.85° olarak
bulundu. interinsizal mesafe ise erkek deneklerimizde
52.4 mm, kadinlarda 52.2 mm olarak 6l¢uldu.

Sonug: Eklem hareketlerini etkileyen romatizmal
hastaliklar ve nérolojik kas hastaliklarinin tani ve
tedavisinde TME'nin EHA degerleri 6énemli bir yer
isgal etmektedir. Sonug¢ olarak, bu eklemle ilgili
rahatsizliklarda taniya en kisa strede ulagsmak igin
interinsizal mesafe Olgimlerinin de kullanilabilecegi
kanaatindeyiz.

Anahtar sézclikler: Biyomekanik; temporomandibuler eklem; hareket agikligi.
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The morphology of temporomandibular joint
(TM]J), which is a functional part of the stom-
atognathic system, varies between individuals.
Many activities such as speaking, chewing,
blowing and kissing are possible with a healthy
TMJ.2

Temporomandibular joint is a combination
of ginglymus and planar joint types, articular
eminence and mandibular fossa of the temporal
bone and head of the mandible (condyloid pro-
cess) providing its articular surfaces. The articu-
lar surfaces of the articular eminence and anteri-
or part of the mandibular fossa are covered with
fibrocartilage in contrast to the other synovial
joints. Type I collagen fibres, major component
of its structure, can not absorb compressive
loads but they have great tensile strength.!

The joint capsule is funnel-shaped, extending
from the articular eminence and borders of the
mandibular fossa above to the neck of the man-
dible below. Posterior part of the capsule is lon-
ger than the anterior and it also has more elastic
fibres.”! The ligaments of the TM]J are not elastic.
They do not have an active role in joint functions
but constrain the joint movements. This joint has
three functional and two assist ligaments. The
first ones of the functional ligaments are discal
ligaments connecting medial and lateral sides
of the disc to the mandibular condyle. The dis-
cal ligaments, preventing the disc to move away
from the condyle, provide the passive move-
ments of the disc together with the condyle dur-
ing its anterior and posterior movements. The
capsular ligaments surrounding the joint prevent
the joint surfaces from being disengaged. They
provide proprioceptive feedback about the joint
motion and position as they are heavily inner-
vated.*! The thickened portion of the capsular
ligaments, called temporomandibular ligament,
is composed of oblique and horizontal parts. The
oblique part controls the movement of the con-
dyle. The horizontal part limits the posterior dis-
placement of the condyle, so it protects the exter-
nal acoustic meatus. Stylomandibular ligament,
extending from the styloid process to the angle of
the mandible limits the anterior movement of the
mandible. Sphenomandibular ligament has no
limiting role on the functional movement.
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PATIENTS AND METHODS

One hundred and five 105 (50 males, 55 females)
volunteers who were students of our university
participated in our study. Randomized sampling
method was used in the selection of participants
and it was taken into consideration that the
participants had no orthopaedic problems. The
measurements were performed with “Electronic
Digital Inclinometer” (Fig. 1a). Maximum range
of motion (ROM) values were recorded for max-
imum mouth opening, right-left excursion and
protraction, recording for each movement being
performed three times. Interincisial distance
was measured by using “vernier caliper” during
maximum mouth opening.

Maximum mouth opening

Recordings were performed by placing the incli-
nometer's probe parallel to the body of the
mandible while the participant was sitting on a
chair, his/her vertebral column erect, neck being
hyperextended (Fig. 1b).

Right-left excursion

Recordings were performed by placing the probe
parallel to the right ramus of the mandible;
the participant was requested to move his/her
mandible to the right without opening his/her
mouth while he/she was sitting erect, face look-
ing forward. The same procedure was followed
for the left side (Figure 1c, d).

Protraction

The inclinometer’s probe was placed between
the upper lip and mental protuberance and then
the participant was requested to protract his/
her mandible without opening his/her mouth
(Fig. 1e).

Interincisial distance

The distance between the upper and lower inci-
sors was measured using a ruler during maxi-
mum mouth opening (Fig. 1f).

Statistical analysis

Results are expressed as meantSD. The one-
sample Kolmogorov-Smirnov test was used to
assess the normality distribution of continuous
data. Independent samples t-test and Mann-
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Fig. 1
() Interincisial distance.

Whitney U test were used for comparison
between genders for normal and non-normal
distributed data, respectively. Spearman cor-
relation analysis was used for relationships
between variables.

In order to remove the effect of confounding
factors ANCOVA test was used in comparison
of variables between gender, the Bonferroni
post-hoc test was used for multiple compar-
isons when significant result was obtained.
STATISTICA 7.0 was used for statistical analysis.
P value less than 0.05 was considered statisti-
cally significant.

RESULTS

We measured higher maximum mouth open-
ing and protraction values (30.58°+3.03 and
13.38°+2.04, respectively) in our male subjects
compared to females. Right-left excursion
movements are relatively higher in our female
subjects (6.85°£1.23, 7.43°t1.39, respectively).
Interincisial distances are close to each other
(52.4 mm=0.41; 52.2 mm=0.59, respectively),
(Table 1).
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(a) Cybex electronic digital inclinomeer. (b) Maximum mouth opening. (c) Right excursion. (d) Left excursion. (e) Protraction.

DISCUSSION

Temporomandibular joint is a complex joint
and used in a myriad of daily activities. Its
disorders are accompanied by muscular and
facial pain, earache and headache.®® Therefore
it has been thoroughly studied by the clinicians.
Radiological and anthropometric methods are
used in its evaluation."™'?l Landes et al.™ report-
ed that ultrasonography is faster and has greater
influence than MRI and axiography. The ratios
of the ROM values of the TM] in the horizontal
and frontal planes is also used in its functional
evaluation. Dijkstra et al.¥! measured these
ratios for the right and left sides as 6:1 and 6.6:1,
respectively. Kim et al.l'? stated the importance
of the movements of the TMJ in the horizontal
and frontal planes in the diagnosis of its dis-
eases. Hochstedler et al.'™ calculated the ratio
of the maximum mouth opening and the lateral
excursion movement as 4.4:1 in their 75 subjects.
The electronic digital inclinometer we used dif-
fers from the other methods in that it allows the
measurement of angular joint motion values
and it's easy to use."! The mean age of our
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Table 1. Range of motion values of temporomandibular joint motions and correlations of interincisial
distance with temporomandibular joint motions in Turkish males and females

Males Females
Mean+SD Correlation of Mean+SD Correlation of
interincisial distance (r) interincisial distance (r)
Age 21.26+1.68 - 19.41+1.168 -
Maximum opening (°) 30.58+3.03 0.791 27.16+3.87 0.764
Right excursion (°) 4.96+1.30 -0.072 6.85+1.23 0.102
Left excursion (°) 5.40+1.30 0.071 7.43+1.39 0.002
Protraction (°) 13.38+2.04 0.093 11.85+1.94 0.313
Interincisial distance (mm)  52.4+0.41 1 52.2+0.59 1

male subjects was 21.26+1.68 years while it was
19.4141.18 years for the female subjects. There
is a significant difference (p=0.001) between
the two groups’ mean ages. We used ANCOVA
test to eliminate this difference. We found that
the angular values for maximum mouth open-
ing and protraction were higher in males than
in females (p=0.001). This may be due to the
longer posterior part of the articular capsule
which allows the anterior displacement of the
mandibular condyle during mouth opening and
also to the capsule’s higher elastic fibre content.
In right-left excursion movements, females have
statistically significant (p=0.001) higher values
than males.

Yilmaz and Mesut?® reported angular values
for maximum mouth opening, right-left excur-
sion and protraction as 31.5°, 5.0°, 5.2° and 13.9°,
respectively, in their study on 30 male subjects.

Naeijel"! studied the relationship between
the maximum mouth opening and kinematic
and anthropometric factors in healthy subjects.
He measured the maximum mouth opening as
34,7° in his study. Ferrario et al.'¥ measured the
maximum mouth opening as 34.46° for the male
subjects and 31.55° for the female subjects. The
differences between the values in these studies
may be attributed to the methods used in these
studies.

Maximum interincisial distance measure-
ments may be used in the evaluation of joint
movement. In our study we did not find sta-
tistically significant difference in the interin-
cisial distance between our male and female
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subjects (p=0.368). The minimum value for this
distance was reported as 35 mm by Demir and
Giiray!™™! which we found as 52.4 mm and 52.2
mm, respectively for males and females. There
is difference between our values obtained from
normal subjects and these patient-based studies.
Ferrario et al.l'¥ reported values of 55.68+5.39
mm and 45.60+7.03 mm for the male and female
subjects, respectively.

In this study, another subject we focused on
is the relationship of interincisial distance with
TMJ movements. Therefore we investigated the
correlation between the mean values for each
of the TMJ] movements and the mean interinci-
sial distance values. In our correlation analysis,
interincisial distance has the most influence on
maximum mouth opening (0.79) in our male
subjects. There is no correlation for right excur-
sion (-0.072), left excursion (0.071) and pro-
traction (0.093) movements. In female subjects,
while maximum mouth opening has a strong
correlation (0.76) there is a weaker correlation
for protraction movement (0.37). There is no
correlation for right-left excursion movements

(0.102 and 0.002).

Rivera-Morales et al.”” measured the maxi-
mum mouth opening, right-left excursion and
the protraction movements and compared them
with mandibular kinesiography. They found
the highest correlation between the maximum
mouth opening and the mandibular kinesiog-
raphy.

Temporomandibular joint movements are
performed with the contraction-relaxation of
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all masticatory muscles in a coordinated man-
ner. Temporomandibular joint capsule and liga-
ments have an influence on joint motions in a
passive manner. The evaluation of ROM values
for the TMJ are important in the diagnostic and
therapeutic measures of the musculoskeletal
and neurological diseases affecting joint move-
ment. We conclude that interincisial distance
measurements may be a practical method for the
evaluation of the derangements in this joint.
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