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The biomechanical and functional relationship
between temporomandibular dysfunction
and cervical spine pain
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The aim of this study was to investigate the influence of TMD on spinal pain and to check whether TMD therapy helps to cure spinal
pain. The total number of 44 evaluated patients underwent physical examination of masticatory motor system, including an evaluation of
TMJ function with a Zebris JMA device and an analysis of the cervical spine motion using a Zebris MCS device. Patients from the
treated (tested) group, who were diagnosed with TMD, were treated with an occlusal splint. Subsequent examinations were planned
3 weeks and 3 months after the treatment. The results show that there is a close correlation between TMD and spinal pain. The results of
the tests performed 3 months after the beginning of occlusal splint therapy show a significant improvement in TMJ function as well as
a reduction in spinal pain, as general motor parameters of spinal movements improved.
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1. Introduction

Recent years have seen a significant increase in
the number of patients suffering from temporoman-
dibular joint dysfunctions. According to various
sources, 8 out of 10 patients coming to the dentist are
found to have bruxism or TMD [1]. Pain is often the
first symptom of TMD, and causes patients to look for
medical advice. On average, TMJ is used around
1500-2000 times a day, so any pain can easily disturb
daily activities [2], [3].

Pains can be divided into central, projected and re-
ferred [4]. In the case of referred pain, unpleasant
sensations occur within the nerve affected by the
pathological process, but are felt in the area controlled
by the other branches or even a different nerve.

In a cranial nervous system, there is a triple neuron
reflex way where the nerves are passing and pene-
trating each other. This is why patients suffering from

TMD usually feel pain in different regions, for exam-
ple, in the ear, forehead, temples, back of the head,
cervical spine and shoulder girdle, as well as in the
thoracic, lumbar and sacral spine or legs [5], [16].

The presence of referred pain is the main reason
leading patients to pay a visit to orthopedist, laryn-
gologist or neurologist as a first choice of specialists.
These physicians focus their therapy on the painful
area, which does not eliminate (in this case) the source
of pain [6]. Patients are directed from one doctor to
another until, eventually, they visit their dentist, where
the cause of their persistent pain is found to lie pre-
cisely in the masticatory motor system.

Besides pain, patients exhibit intraoral signs of
dysfunction of the masticatory motor system such as
abfraction and increased sensitivity, wear facets,
pathological attrition, bone support loss and increased
tooth mobility, but some patients also develop in-
creased bone support in the form of bony ridges, tooth
impressions on the tongue as well as linea alba on the
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buccal mucosa. Motor symptoms include limited range
of mandible motion, deviation from the midline during
movement, and popping or clicking sounds during the
opening and closing of mouth.

1. Headaches

2. Limited movement or locked jaw / 3. Tinnitus, clenched ears, ear aches

. 4. Radiating pain in the face, neck, shoulders
5. Increased muscle t?nsmn
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Fig. 1. Distribution of pain in a patient suffering from TMD

Patients may also experience hearing symptoms
like noises and squeaks, or ocular signs such as visual
disturbances and eye ache. Neck and shoulder stiff-
ness and pain, as well as severe headaches, are also
quite common [7], [8], [17].

The stomatognatic system (SS), more often re-
placed by the concept of the “upper quadrant”, which
means the top of the spine and head, is an integral part
of the musculoskeletal system.

That is the reason why all changes occurring
within the structures responsible for human movement
also affect the SS [9].

In addition, the principle of the body functioning as
a whole is compensation, when disturbances occur in
the upper quadrants, such as increased muscle tension.
In such a case, compensatory changes take place in the
muscle tension in the spine to force a correct posi-
tion/posture. These adaptive changes occur on all levels
and depend on the tolerance of the body [10], [11].

According to currently prevailing theories, etio-
pathogenesis of the masticatory dysfunction is associ-
ated with a local or general event (such as trauma,
parafunctions), primarily with increased muscle ten-
sion and occlusion disorders (usually iatrogenic).
Trauma (car accidents, stroke) should also be taken
into account [12]. Occlusal imbalance in each case
increases muscle tension, which usually results in
generating joint disorders.

An additional factor that enhances the rise in the
incidence of such ailments is omnipresent stress,
which adversely affects the entire body.

The aim of this study was to evaluate the pain and
mobility of the temporomandibular joints and cervical
spine before occlusal treatment (by splint), 3 weeks
and 3 months after receiving splint therapy. We also
wanted to assess the severity and duration of TMD
and spinal pain signs.

2. Materials and methods

Patients in the study were divided into two groups:
test (treated with occlusal splint) and control (un-
treated). They met the criteria for inclusion in the
examination or exclusion from them (table 1).

Every patient involved in this study was referred
to an orthopaedist. Because TMD leads to a change of
muscle tension in the upper quadrant of the body, this
tension is transferred to adjacent areas and can cause
spinal pain. Orthopaedists who carried out a prelimi-
nary examination of the patients had first to exclude
congenital or degenerative changes of the spine which
for instance could have been the reason of pain.

Each patient was examined three times. During the
first examination a doctor gave the diagnosis of tem-
poromandibular disorders. Patients from the treated
group had also an impression (to make the occlusal
splint) taken. The second examination was conducted
3 weeks later, and the third took place 3 months after
the beginning of the therapy.

Table 1. Inclusion and exclusion criteria for studies

Inclusion criteria

Exclusion criteria

. Spinal pain in anamnesis
. Women, men
. Age between 18-60
. Functional changes
of the spine
5. Temporomandibular joint
disorder, bruxism
6. Patients agreement

AW N =

1. Spine surgery in anamnesis
2. Congenital or degenerative
changes confirmed radiologically
3. Neuropathy
4. Ongoing medication
or physiotherapy
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Each patient’s examination included:

1. Anamnesis, based on a survey card.

2. The analysis of pain, using the VAS and the
Oswestry scale concerning the lumbo-sacral spine.

3. Standard extraoral and intraoral examination,
taking into account the masticatory motor system
(e.g., muscle tenderness).

4. TMI study using the Zebris JMA device.

5. Instrumental study of cervical spine motion with
the Zebris MCS device.

Fig. 2. Jaw movement analysis, Zebris: basic unit, face bow with
receiver sensors, lower jaw, pointer sensor

Fig. 3. Patient during jaw movement analysis

The JMA Zebris device, used to study movements
and action of TMJ, is composed of a base unit CMS20
JMA, the receivers of ultrasonic signals flowing from
the markers, a set of snap-ins with ultrasound markers
for mounting on the face bow and a jaw attachment,
computer software WinJaw and a footswitch [13].

At the patient’s head the upper arm was fitted (acting
as a face bow), while the lower arm was fitted to the

attachment, which adheres closely to the atrial surface of
the lower teeth. The study was based on the performance
of patients’ movements: opening and closing of the
mandible, lateral movements, protrusion and retrusion.

Fig. 4. CMS10 measuring system

Fig. 5. Patient during cervical spine movement analysis

After completing the JMA study (TMJ), every pa-
tient was tested with the Zebris MCS device. An MCS
kit consists of a base unit, the measuring head snap to
attach ultrasound markers and reference markers to study
the cervical spine, a tripod on wheels and Triple Win-
Spine software [14]. Patients had the snap with markers
placed on their heads. The snap was attached to the base
unit. The patients positioned neutrally (comfortably
seated) performed maximal head movements, i.e., flex-
ion, extension and rotation to the right and left sides and
lateral flexion movements to the left and right.

After examining the patient’s movements, we re-
ceived reports containing information about the qual-
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ity and range of movement in both the TMJ and cervi-
cal spine.

After the first examination, each patient selected
for the treated (tested) group was supplied with an
occlusal splint which was matched individually, de-
pending on the disease. In most cases, we supplied
patients with an occlusal splint SVED (Sagittal Verti-
cal Extrusion Device). SVED is a removable appli-
ance which makes contact only with the anterior teeth
in the opposing arch. It is a typicall relaxation plate. It
makes the posterior teeth disengaged and thus elimi-
nates their influence on the masticatory system by
changing the input signal from proprioceptive fibres
found in the periodontal ligament of the posterior
teeth. The SVED appliance is used in the case of hy-
peractivity of masticatory muscles, without the occlusal
reason of TMD. It has an effect on the jaw muscles and
the TMJ structures by affecting the muscles’ working
conditions and relaxing them. SVED is usually used

Fig. 6. An occlusal splint — SVED

to promote jaw muscle relaxation in patients with
stress-related pain symptoms like headache or neck
pain of muscular origin. The splint also forces a new
position of patient’s mandible which results in a new
muscular and articular balance and in getting by the
articulator disc its antero-superior position over the
condylar head.

3. Results

44 patients were tested, 26 belonging to the treated
(tested) group and 18 to the untreated group. Patients
were randomly admitted to the groups. During the
first examination, increased masticatory muscle ten-
sion was reported on the left side of the head by
30 patients (18 from the treated group) and on the
right side by 40 patients (24 from the treated group).
After 3 months of therapy, increased muscle tension
was noticed in 10 patients on the left side (all from the
untreated group) and 14 patients on the right side
(12 from the untreated group, only 2 from the treated
group).

Disc displacement with reduction (DDR) was
observed during the initial physical examination in 6
(4 from the treated group) patients on the left side and
in 16 (8 from the treated group) patients on the right
one. Three weeks after beginning the treatment with

Table 2. Total number of people suffering from TMD at the 1st, 2nd and 3rd examinations

No. of Increaseq Increaseq DDR, DDR
examination muscle t§ns10n, mus.cle te.ns10n, loft side right side Headache
left side right side
1st examination 30 40 6 16 36
2nd examination 16 28 4 10 28
3rd examination 10 14 2 8 20

Table 3. Total number of patients suffering from spinal pain at the 1st, 2nd and 3rd examinations

No. of Cervical Thoracic Lumbo-sacral
examination spine pain spine pain spine pain
1st examination 34 18 30
2nd examination 24 12 24
3rd examination 14 8 14

Table 4. Number of patients with changes of spine pain during the third examination

Pain characteristic Treated group Untreated group
Spine pain remained 0 0% 14 77.8%
the same
Spine pain increased 0 0% 2 11.1%
Spine pain decreased 16 61.5% 2 11.1%
Spine pain disappeared 10 38.5% 0 0%
completely
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occlusal splint, DDR was recorded in 4 (2 from the
treated group) and in 10 (2 from the treated group)
patients, whereas after 3 months, it was noted in only
2 patients on the left side (all of them from untreated
group) and in 8 patients on the right side (6 from the
untreated group, 2 from the treated group).

Headaches were initially reported by 36 patients
(20 from the treated group) which was 88% of all the
patients examined. After 3 weeks, 28 (12 from the
treated group) patients experienced headaches, and
after 3 months of treatment only 20 (4 from the treated
group) patients still suffered from them. In the treated
patients still suffering from pain (4) its intensity de-
creased significantly.

34 patients reported cervical spine pain (18 from the
treated group). After 3 weeks of treatment, pain was
experienced by 24 (10 from the treated group) patients
and after 3 months of therapy, pain was still experi-
enced by 14 patients (only 2 from the tested group).

Thoracic spine pain was felt by 18 (6 from the
treated group) patients, their number decreased after
3 weeks to 12 (6 from the treated group) patients, and
after 3 months to 8 patients (6 in the untreated group,
2 in the treated group).

30 (16 from the treated group) patients suffered
from lumbo-sacral pain. After 3 weeks their number
decreased to 24 (12 from the treated group) and after
3 months to 14 patients (12 in the untreated group,
2 in the treated group).

The general motor parameters of spinal movements
showed a significant improvement in the treated group.
During the first examination the range of cervical spine
motion (ROM) was limited in most patients (ROM was
limited compared to the limits of physiological norm).
After 3 months of treatment the ranges of cervical spine
motion conformed to a physiological norm. Patients
also reported an improvement in ROM and pain relief
during movements.

In addition to improving the performance of func-
tional movements in the study, patients reported no
need to use painkillers and a significant improvement
in overall well-being, as reflected in the Oswestry
scale.

The Oswestry Questionnaire score according to groups

during the third test
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Fig. 7. The Oswestry Questionnaire score
according to groups during the third test

4. Discussion

Disorders (TMD) usually occur because of un-
balanced activity, spasm or overuse of the jaw mus-
cles and incorrect tooth occlusion. Symptoms tend
to be chronic, and treatment is aimed at eliminating
the precipitating factors. Usually the first symptom
making patients prone to calling on doctor is pain in
the masticatory motor system, but also shoulder
girdle pain, limb and spinal pain.

Patients often consult a laryngologist first because
of ear problems (ear pain, fullness of ear, tinnitus),
a neurologist because of craniofacial pain or go to
a pain clinic. However, they do not respond well to
the treatment received because the cause of pain lies
in the stomatognathic system and is not found.

Many authors draw attention to the correlation be-
tween temporomandibular dysfunction and pain in differ-
ent regions of the body [2], [3], [9], [10], [15], [17]-[19].

We have found no studies that objectively prove
the positive effects of TMD therapy on spinal pain. So
far, the research has focused only on proving the cor-
relation between spine pain and TMD.

The studies by Wiesinger et al. (2007) involved
a total of 280 patients aged between 20 and 62, report-
ing back pain. All filled out a questionnaire on symp-

Table 5. Total number of patients with limited mobility of the cervical spine during different movements.

Data collected from the studies by MCS Zebris device

No. of Limited | Limited | Limited | Limited Lll{nglt\f[d Lll{‘g‘;f[d
o ROM ROM ROM ROM
examination . . . . Lateral Lateral
Anteflexion | Retroflexion | Rotation R | Rotation L . .

flexion R flexion L
1st examination 20 4 10 10 10 12
2nd examination 14 4 8 6 4 8
3rd examination 12 2 6 6 4 8
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toms and underwent spinal research (the study of the
temporomandibular joints, masticatory muscles, and
track and field analyses of the abduction of the mandi-
ble). The research revealed that patients suffering from
chronic spinal pain more often felt pain around the
upper quadrant than the control group [9].

The same researchers (2009) examined a much
larger group (616 patients) with clear symptoms of spi-
nal pain and dysfunction of the masticatory system. The
analysis of results indicated that different segments of
spinal pain were present in only 30% of patients in TMD
“group 0” (without signs of TMD) but in 68% of patients
in TMD “group 3” (patients with chronic, severe ail-
ments due to temporomandibular joints disorders).

What distinguishes our study from another is the
measurement of cervical spine movements by an ul-
trasound device (the Zebris CMS), thereby evaluating
in an objective way the improvement in movement
performance after introducing an occlusal treatment.
The study was repeatable and not invasive.

We measured the parameters of spinal motion
3 weeks and 3 months after the beginning of occlusal
treatment with an occlusal splint SVED. During the
last examination the range of cervical spine motion
was much better and fit the physiological norm in
most cases.

In the case of TMD, therapists often hold widely
differing views on the type of occlusal splint most
appropriate to use. Many types of splints can be men-
tioned, for example, stabilization splint, repositioning
splint, relaxation splint or splints only for protecting
oral tissues. In our study, the commonest SVED
splint, a typicall relaxing appliance, was used because
of its influence on jaw muscles. No studies on differ-
ent types of the splints used in patients with both
TMD and spinal pain were found.

Our reseach has shown that the treatment of tempo-
romandibular dysfunction by an occlusal splint SVED
has a positive effect on spinal pain relief, as was re-
flected in the Oswestry scale. As a result of the correct
diagnosis and treatment administered, the parameters of
posture and/or function of the temporomandibular joints,
measured by the Zebris MCS and JMA devices, have
changed. Patients in the study group during the anamne-
sis showed improvement, which also testified to the
advisability of the therapy applied.

Taking into account the results of our study it
seems obvious that interdisciplinary cooperation be-
tween orthopedist, laryngologist, neurologist and den-
tist is necessary and essential.
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