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Mandibular movement patterns have been
commonly used by clinicians to investigate
dysfunction of the masticatory system. Restricted
maximal opening (normal values range of 45+/- 5mm)
and deviations or deflections in the opening path have
been reported as the third sign of the classic triad
representing TMD [Dworkin and Le Resche, 1992];
the rate of freedom of jaw movements is also
expression of musculoskeletal and fascial health
[Greenman, 1998; Mitchell, 2000; Korr, 1995;
Magoun, 1966]. 

Measurement techniques have included simple
measurement devices, such as a millimetre ruler, to
sophisticated electronic devices to record movements
of the mandible using magnets or photodiode sensors.
The Mandibular Kinesiograph (MKG) is an
instrument designed for research and diagnosis of

Introduction
Temporomandibular disorders (TMD) encompass a

group of muscoloskeletal conditions that involve the
temporomandibular joint (TMJ) or the masticatory
musculature, or both. These conditions are typically
characterised by pain at the preauricolar and other
facial areas, usually aggravated by chewing or jaw
function. TMD are often accompanied, singly or in
combination, by limitation of jaw movement, joint
sounds, muscular and fascial tenderness or joint
soreness [Mohl et al., 1990]. 
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ABSTRACT. Aim The aim of this study was to evaluate the effects of Osteopathic Manipulative Treatment (OMT) on
mandibular kinematics in TMD patients. Methods The study was conduced on 28 children with non-specific TMD
symptoms, limited mouth opening, history of trauma (delivery trauma, accident trauma). Patients were randomly
divided into two groups: an OMT group (study group) and a no-intervention group (control group). All subjects
underwent a first kinesiographic recording to evaluate the amplitude and velocity of maximal opening-closing
movements. Study group patients underwent a second kinesiographic recording 2 months after OMT. Control
group patients were submitted to a control kinesiographic recording six months after the first one. Kinesiographic
tracings were acquired using the K7I system.  Results/Statistic The kinesiographic data of the study group showed
a moderate statistically significant difference (p<.07) of maximal mouth opening (MO) parameter and a high
statistically significant difference (p<.03) of maximal mouth opening velocity (MOV) parameter. No statistically
significative difference (null hypothesis confirmed) of kinesiographic parameters in the control group was
observed. Conclusion The results of this study suggest that OMT can induce changes in the stomatognathic
dynamics, offering a valid support in the clinical approach to TMD. Multifactorial genesis of chronic disorders is
also confirmed.
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mandibular function/dysfunction. It electronically
records mandibular incisor-point movements in three
dimensions; measurement of vertical velocity is also
provided by differentiating the vertical position signal
[Jankelson, 1980].

TMD, as chronic disorder, appears to be
multifactorial, potentially involving a complex
interplay between anatomic structure, biomechanical
function, environmental demands, and psychosocial
responses, each capable of contributing to clinical
manifestations and symptoms [Liebenson, 1992].

Some authors demonstrated a relationship between
stomatognathic and postural systems. 

Clark showed co-activation of sternomastoid and
masseter muscles [Clark et al., 1993]. Trigeminal
electrical and mechanical stimulation elicited
sternomastoid inhibition showing functional coupling
between mandible and neck-trunk system.

Ehrlich supported Clark’s data stating that
sternomastoid, trapezius, paravertebral and rectus
abdominis muscles showed a significant increase in
clenching SEMG  compared to resting SEMG activity.
[Ehrlich et al., 1999].

Solow found in 96 children a clear pattern of
associations between head and neck posture and
malocclusion, suggesting that sagittal development of
dentoalveolar arches is impeded by increased dorsally-
directed soft tissue pressure in individuals with
extended craniocervical posture [Solow and Sonnesen,
1998].

On the other side head position is an important
factor in determining the amount of vertical
mandibular opening in healthy adults. Higbie stated
that vertical mandibular opening ranged from 44 mm
to 36.2 mm changing from forward to retracted head
position [Higbie et al., 1999].

Body position affects jaw posture influencing
swallowing function [Miralles et al., 2006; Ertekin et
al., 2001].

Yamashita measured the vibration wave propagation
in the body at teeth contact [Yamashita et al., 1998].
They found that the impact on teeth propagated to
distal sites of the limbs through bones and soft tissues,
influencing the whole body.

According to Gillies it’s possible to consider a
biomechanical model in which head and neck
constitute an inverted pendulum stabilised by
neuromuscular restoring forces [Gillies et al., 1998].
This model predicts that temporomandibular
alterations could lead to perturbations of normal forces
acting in head and neck. Authors concluded warning
that the altered relationship could be expected to
contribute to additional or accelerated degenerative

effects on temporomandibular or postural system.
Osteopathic manipulative medicine (OMM)

approach asserts that with sufficient diagnostic skills,
osteopathic physicians are able to identify the exact
anatomic region responsible for the pain or movement
restriction [Kuchera, 2005]. 

Movement restriction in a local muscular-skeletal
district could be solved treating the responsible
primary anatomic region. Affected district and
responsible anatomical region aren’t necessarily the
same. In conclusion same symptoms may require
different treatments plans that focus on differing local,
spinal, and supraspinal targets [Kuchera, 2005].

Findings demonstrated a relationship between
stomatognathic and postural systems justifying the
hypothesis that the musculoskeletal impairment in one
system could affect the other.  

The objective of our study is to analyse the possible
relation between osteopathic manipulative treatment
(OMT) and mandible kinematics in order to confirm
the relationship between stomatognathic and postural
systems.

Materials and methods
The study was performed at the Dental Centre of the

University of L’Aquila; 28 TMD children (age
average=12 years), selected among the patients
referred to the Paediatric Dentistry Department, were
submitted for the study. All  patients presented: non-
specific TMD symptoms, limited mouth opening,
history of trauma (delivery trauma, accident trauma).
The subjects were randomly assigned to the OMT
group (study group) or the no-intervention group
(control group), both composed of 14 subjects. Study
group subjects were submitted to two kinesiographic
(KNS) recordings: one at the first visit (T0) and a
second one at two months from the end of OMT (T1).
Control group subjects were also submitted to the
same kinesiographic recordings: the first one at the
first visit (T0) and the second one at six months (T1).   

Kinesiographic tracings were acquired using K7I
and positioning a magnetic sensor frame integral with
the head and with the sensory field balanced on an
artificial magnet fixed on the mucosa covering the
roots of the mandibular incisors. Mandibular
movement, changing the relative position between the
magnet and the sensor, varied at magnetic field
modifications, inducing the software tool to trace a
line which connected the initial and final position.

During the recordings the patient was seated in a
wooden chair with headrest in a comfortable stance
and  closed eyes to avoid enviromental stimulations.
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Each kinesiographic trial provided two KNS
recordings.

In the first recording (Scan1) the patient, starting
from the teeth/contact position, perfomed 3
subsequent maximal opening/closing jaw movements,
to obtain Maximal Opening (MO) parameter (KNS
values expressed in mm for 10).   

In the second recording (Scan2) the patient, starting
from the teeth/contact position, performed 15
subsequent opening/closing jaw movements, as fast as
possible, to obtain Maximal Opening Velocity (MOV),
Maximal Closing Velocity (MCV), Opening Velocity
Average (OVA) and Closing Velocity Average (CVA)
parameters (KNS values expressed in mm for s-1). The
opening movements were performed until the pain was
reached. The timeframe between recording was set at
20 seconds. Patient was accepted if able to obtain four
identical kinesiographic pattern; all patients complied
with the requirement. 

KNSs were examined by the same operator without
knowledge of recording purpose. 

Statistical analysis. A paired or impaired t-test as
appropriate was performed using Stata statistics
Package to obtain a comparison between mean and
variance values of kinesiographic data between
dependent or independent groups. 

Study group to control group were compared at T0
(before Osteopathic Manipulative Treatment) in order
to evaluate statistical differences in kinesiographic
values.

In null hypothesis at T0 control and study group
show no statistically significant differences. In this
case control and study groups have similar values,
therefore it is possible to evaluate T1 data (two months
after  Osteopathic Manipulative Treatment, T1) to
assess by kinesiographic data the therapeutic effect of
OMT.

In alternative hypothesis, at T0 study and control
group show statistically significant differences. In this
case an error in statistical sampling is possible: the two
groups are not comparable.

Afterwards each group was compared by mean and
variance at T0 and T1. 

In null hypothesis kinesiographic values at T0 and
T1 are not statistically significant showing no
difference.

In alternative hypothesis T0 and T1 values show
significant difference due to time for control group or
due to osteopathic treatment in study group.
Significant differences in the control group would
invalidate the results obtained for the study group. 

Null hypothesis in control group and alternative
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hypothesis in study group could suggest a positive
treatment effect on kinesiographic data.  

Differences with a value of p < .05 and < .07 were
respectively regarded as significant and moderately
significant.

A paired t-test for dependent samples was performed
to obtain a comparison between mean and variance
values of kinesiographic data. 

Results
Table 1 shows mean values and standard deviation

(in parenthesis) of kinesiographic data of study and
control group at T0. No significant differences were
found in all parameters evaluated. In this case the null
hypothesis was confirmed.

Table 2 shows mean values and standard deviation
(in parenthesis) of kinesiographic data of study group

TABLE 1 - Mean values and Standard Deviation (in
parenthesis) of Study Group (14 subjects) and control
Group (14 subjects) at T0.

Parameter (m.u.) Condition Mean (S.D.) 

MO (mm x 10) CG 375,1 (54,3)

SG 380,7 (84,4)

Diff. NS

MOV (mm x s-1) CG 398,5 (84,1)

SG 261,6 (118,3)

Diff. NS

MCV (mm x s-1) CG 416,7 (101,3)

SG 310,0 (110,4)

Diff. NS

OVA (mm x s-1) CG 236,3 (56,6)

SG 154,7 (74,9)

Diff. NS

CVA (mm x s-1) CG 266,8 (69,3)

SG 178,1 (84,2)

Diff. NS

MO: Maximal Opening; MOV: Maximal Opening Velocity; 
MCV: Maximal Closing Velocity; OVA: Opening Velocity Average; 
CVA: Closing Velocity Average.
* Moderately statistically significant
** Highly statistically significant
NS: Not significant
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at T0 and T1. A statistically significant difference was
observed for MOV (p< .03); a moderate statistically
significant difference was observed for MO (p<. 07).
No statistical difference (null hypothesis confirmed)
for the other KNS parameters was observed. 

Table 3 shows mean values and standard deviation
(in parenthesis) of kinesiographic data of control group
at T0 and T1. No statistical difference for all the KNS
parameters was observed.

Discussion
In our study patients who received osteopathic

manipulative treatment of the extra-stomatognathic
area showed low significant increase in vertical
mandible maximal opening (MO) and high significant
increase in maximal opening velocity (MOV).

Control group did not show significant changes in
mandibular kinetics.

Osteopathic manipulative medicine (OMM) is a
component of osteopathic medicine’s approach to total
patient care. It emphasises application of osteopathic
philosophy and integrates recognised healing
approaches known as osteopathic manipulative
treatment (OMT). 

Osteopathic philosophy is based on three key
principles [Seffinger et al., 2003]:
1) the body is a unit;
2) the body possess self-regulatory mechanism;
3) structure and function are reciprocally interrelated.

Irvin demonstrated that chronic complaints
throughout the body could be attributed to an
unlevelled sacral base and that establishing postural
homeostasis it was possible to remove most of these

TABLE 2 - Mean values and Standard Deviation (in
parenthesis) of Study Group (n=14) before Osteopathic
Manipulative Treatment (T0) and two months after
Osteopathic Manipulative Treatment (T1).

Parameter (m.u.) Condition Mean (S.D.) 

MO (mm x 10) T0 380,7 (84,4)

T1 426,3 (28,2)

Diff. .07 *

MOV (mm x s-1) T0 261,6 (118,3)

T1 316,4 (93,1)

Diff. .03 **

MCV (mm x s-1) T0 310,0 (110,4)

T1 330,0 (82,3)

Diff. NS

OVA (mm x s-1) T0 154,7 (74,9)

T1 175,3 (49,0) 

Diff. NS

CVA (mm x s-1) T0 178,1 (84,2)

T1 195,0 (62,4)

Diff. NS

MO: Maximal Opening; MOV: Maximal Opening Velocity 
MCV: Maximal Closing Velocity; OVA: Opening Velocity Average 
CVA: Closing Velocity Average
* Moderately statistically significant
** Highly statistically significant
NS: Not significant

TABLE 3 - Mean values and Standard Deviation (in
parenthesis) of Control Group (n=14) at first visit (T0) and
six months after (T1).

Parameter (m.u.) Condition Mean (S.D.) 

MO (mm x 10) T0 375,1 (54,3)

T1 374,0 (57,8)

Diff. NS

MOV (mm x s-1) T0 398,5 (84,1)

T1 399,9 (91,2)

Diff. NS

MCV (mm x s-1) T0 416,7 (101,3)

T1 409,3 (109,1)

Diff. NS

OVA (mm x s-1) T0 236,3 (56,6)

T1 243,6 (47,4)

Diff. NS

CVA (mm x s-1) T0 266,8 (69,3)

T1 260,8 (58,7)

Diff. NS

MO: Maximal Opening; MOV: Maximal Opening Velocity 
MCV: Maximal Closing Velocity; OVA: Opening Velocity Average 
CVA: Closing Velocity Average
* Moderately statistically significant
** Highly statistically significant
NS: Not significant



symptoms [Irvin, 1997].
Direct and indirect sympathetic control could affect

some musculoskeletal symptoms, including restricted
range of active and passive movement or pain. 

Various coupling and regulating mechanisms have
been proposed to explain the homeostatic influence on
physiologic processes responsible for maintaining
restricted range of movement and pain [Sterling and
Eyer, 1988; Seeman et al., 1997; McEwen, 1998].
Homeostasis may be altered through simpathetic,
biochemical or neuroendocrine mechanisms affecting
specific structures or target receptors, or both. 

Modulation of sympathetic tonus, enhancing healing
rates, has been linked to improvement of visceral and,
in the light of our study, somatic functions [Korr,
1995].

As claimed by osteopathic literature, osteopathic
lesion responsible of movement restriction, is referred
to impairment of sympathetic transmission. According
to this hypothesis manipulative treatment enhancing
balance in sympathetic nervous system could improve
movement restriction.

Somatomotor system and sympathetic nervous
system (SNS) are intimately correlated. SNS supplies
motor performance by modifying vegetative function
parameters to meet the varying metabolic
requirements of the active muscle [Passatore and
Roatta, 2007; Thomas and Segal, 2004]. Increase in
SNS outflow affects motor function through actions
exerted at the muscle level.

Our data on increase of MO and MOV agree with
those of Passatore [Passatore and Roatta, 2007], who
stated that sympathetic nervous system controls both
muscle blood flow and intracellular contractile
mechanism and may affect motor function by
modulating afferent activity from muscle spindles that
are highly concentrated in jaw-closing muscles.

Recent immunohystochemical data on masseter
muscle confirmed the presence of non vascular
sympathetic innervation on muscle spindles in close
association with intrafusal muscle fibres. These data
suggest that the sympathetic nervous system could
modulate the spindle afferent discharge by altering
intrafusal fibre mechanics [Bombardi et al., 2006].

Increase in SNS outflow may act by:
- decreasing muscle blood perfusion, which is an

inseparable factor of muscle pain; 
- enhancing contractile force in fast-contracting

muscle, while exerting a fatiguing action on slow-
contracting ones; 

- reducing the quality of proprioceptive information. 
The latter is likely to worsen different aspects of

motor control increasing co-contraction of antagonist

muscles aimed at recovering movement precision by
increasing joint stiffness. This effect has been studied
in in vitro and in vivo and seems to be particularly
powerful in jaw closing muscles [Grassi et al., 1993].

Our data on MOV could be explained with the
findings of a study about physiology of jaw muscles. 

Koolstra demonstrated in open jaw movement that
passive forces produced by jaw-closing muscles were
remarkably stronger than those produced by the jaw-
opening muscles in close jaw movement [Koolstra and
Van Eijden, 1997].

The mentioned findings could explain the changes
observed in the dynamic of mandibular jaw opening-
closing movements after OMT in our study.

Osteopathic treatment, by reducing
hypersympathicotonia as a consequence of general
postural stress, could improve the range of freedom of
jaw muscle activity and viscoelasticity (increase of
MO values), particularly reducing the jaw closing
passive forces that seem to have a great influence on
the jaw-opening dynamics (the highly significant
statistical improvement of MOV can only be explained
as an expression of this physiological relation). 

The results of this study suggest that OMT can offer
a valid support in the clinical approach to TMD,
confirming the multifactorial genesis of these chronic
disorders.

Conclusions
This preliminary study compared OMT effects on

two groups of subject affected by TMD: study group
and no-intervention group. The study group showed a
significant improvement of maximal mouth opening
and maximal mouth opening velocity compared with
no- intervention group. 

Our preliminary findings also indicated that
manipulative treatment of non stomathognatic areas
was related to changes in the KNG activity of the
mandible. Future investigation will be aimed at
evaluating  these variables in a follow-up study, in
order to clarify the stability of results and the
pathogenesis of some TMDs signs and symptoms.
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