Journal of Oral Rehabilitation 2008 35; 27-36

Asymmetric muscle function in patients with developmental

mandibular asymmetry

Y. DONG*, X. M. WANG', M. Q. WANG' & S. E. WIDMALM* *Department of Oral Prosthodontics,
College of Medicine, Second Affiliated Hospital, Zhe jiang University, Hang zhou, China, T Department of Oral Surgery, College of Stomatology,

Fourth Military Medical University, Shaan Xi, China and *Division of Prosthodontics, Department of Biologic and Materials Science, University

of Michigan, Ann Arbor, MI, USA

SUMMARY The aim was to test the hypothesis that
developmental mandibular asymmetry is associated
with
Patients with mandibular condylar and/or ramus

increased asymmetry in muscle activity.
hyperplasia having unilateral cross-bite were com-
pared with healthy subjects with normal occlusion.
Muscle activity was recorded with surface electrodes
in the masseter, suprahyoid, sternocleidomastoid
muscle (SCM) and upper trapezius areas during jaw
opening-closing—clenching, head-neck flexion—
extension, and elevation-lowering of shoulders. Root
mean square (RMS) and mean power frequency
(MPF) values were calculated and analysed using
ANOVA and f-tests with P < 0-:05 chosen as significance
level. The SCM and masseter muscles showed
co-activation during jaw and head movements, sig-
nificantly more asymmetric in the patients than in
the healthy subjects. The RMS and MPF values were
higher in the patients than in the controls in the SCM
and suprahyoid areas on both sides during jaw

opening-closing movement. The results indicate that
the ability to perform symmetric jaw and neck
muscle activities is disturbed in patients with
developmental mandibular asymmetry. This is of
clinical interest because asymmetric activity may be
an etiologic factor in temporomandibular joint and
cervical pain. The results support that co-activation
occurs between jaw and neck muscles during volun-
tary jaw opening and indicate that postural antigrav-
ity reflex activity occurs in the masseter area during
head extension. Further studies, where EMG record-
ings are made from the DMA patients at early stages
are motivated to verify activity sources and test if the
asymmetric activity is associated with muscle and
joint pain in the jaw and cervical areas.
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Introduction

Developmental mandibular asymmetry (DMA) has a
wide phenotypic expression with varying degrees of
craniofacial and dentofacial abnormalities and malfor-
mations such as hyperplasia, unilateral cross-bite,
occlusal interferences and mandible deviation from
the facial midline. Unilateral disk displacement and
internal derangement of the temporomandibular joint
(TMJ) have been identified as important characteristics
associated with mandibular asymmetry (1, 2). The

opinions differ, however, regarding cause and effect,

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd

i.e. does asymmetry dispose for internal TMJ derange-
ment (ID) or is asymmetry secondary to ID? DMA
patients with lower facial deformation also suffer from
such signs and symptoms as head, neck, shoulder and
upper back pain, muscle weakness and abnormal head-
neck posture more often than compatible groups
without DMA (3-6). Those symptoms are often found
also in patients with cervical spine disorders (CSD) (7,
8). The reasons for the pain are often difficult to
diagnose and the treatment may then only be symp-
tomatic. The functional state of the stomatognathic
system is dependant on the mobility of the cervical
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spine and often associated with neck muscle tender-
ness; factors that are relevant in diagnosis and man-
agement of CSD (9).

There is a close functional relationship between the
stomatognathic and the head and neck sensory-motor
systems. Negative effects of muscle disease and dys-
function (10, 11) and positive effects on posture by
stomatognathic treatment (12) have been reported.
Stomatognathic muscle function is associated with
cervical muscle function. Jaw opening is habitually
performed, not only by lowering the mandible, but also
by simultaneous tilting of the head backwards (13).
Studies using electromyographic (EMG) recordings
have confirmed the close inter-relationship during
simultaneous jaw and head movements, between
muscle activity in the stomatognathic system, and
between the head- and neck-motor systems (14-17).
Co-activation of jaw and neck muscles has also been
observed in intramuscular EMG recordings (18, 19).

Muscular functional balance and mandibular sym-
metry are essential both for oral function, mandibular
posture, and for head-neck stability (9).
analysis of the EMG recordings may help in understand-
ing muscle function. Analysis of the power spectrum of
EMG activity is useful when assessing muscle fatigue (20,
21) and pathology (22). The effects of mandibular
deformity on muscular activity are not well-known.
Muscle dysfunction and mandibular asymmetry may or
may not occur simultaneously. Some patients have
mandibular asymmetry without significant neck muscle
dysfunction while other patients suffer from such muscle
dysfunction without observable head tilting.

The aim of the present study was to test the
hypotheses that:

Developmental mandibular asymmetry is associated
with increased asymmetry in the left vs. right side EMG
activity in masseter-, neck- and shoulder-muscle areas
during jaw opening—closing movements, during head
flexion—extension movements, and during shoulder
elevation—-lowering.

Frequency

Subjects and methods

Twenty-one patients, diagnosed as having DMA were
originally included in the experimental group. Man-
dibular deformities were not caused by injury or
inflammation. Mandibular asymmetry was diagnosed
on roentgenograms taken in submental-vertical posi-
tion (23). The mandible was determined as having

lateral deformity when the distance from the mental
spine to the half-way point on a line joining the
foramina spinosa exceeded 4 mm. Six patients were
excluded because they did not come back for the EMG
and jaw movement tests. Complete sets of data were
recorded from the remaining 15 patients, seven males
and eight females, age 23-0 £+ 4-78 (s.d.).

All DMA patients had clinically recognizable unilat-
eral mandibular and/or condylar deformity (Fig. 1) and
showed pronounced facial asymmetry with cross-bite
on the contra lateral side. The mean distance between
the mental spine point and the middle line was longer,
12:6 £ 568 mm (mean = s.d.), in the DMA patients
than in the subjects (17 £ 1-50 mm;
P < 0-:001). Six patients had also partial cross-bite on
the hyperplastic side.

Twenty-one healthy dental school students, age
22:0 & 092 years, 11 men and 10 women, formed
the control group. They had normal complete denti-
tions with over-jet and over-bite ranging from 2 to
5 mm. They had no signs or symptoms of cranio-
cervical or temporomandibular dysfunction/disorders.
The subjects were informed about the study proce-
dures and it was explained that surface EMG is
noninvasive. Written consent was obtained from all
subjects.

A frontal cephalogram was taken as described by
Ozbek and K6kl (24) from each subject when standing

control

right side

left side

R

hyperplasia side contralateral side

Fig. 1. Tomograms from a DMA patient of central sections
through the condylar heads taken with the teeth in centric
occlusion. They show how the right condyle and coronoid process
were deformed by hyperplasia. An irregular osseous mass with
diffuse margins is located around the right condylar head and
neck. An artificial joint is formed between the anterior bevel of the
articular tubercle and the osseous mass. The bone contours are
marked in black.
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erect, looking straight forward, and keeping the head in
a natural/upright position. The deviation of a ‘cervical
line” (from the spinous process of the third to that of the
sixth cervical vertebrae) and the cranial central line was
measured as described by Pirttiniemi et al. (10) and
used as a measure of direction and degree of head
tilting.

Mastication and cervical muscle sites were examined
for sensitivity to palpation to assess the scope of
tenderness for all subjects as described in RDC/TMD

(25).
A Sirognathograph (SGG)* and LabVIEW 5.1.1 soft-
waret were used for simultaneous recording of jaw

movements and EMG to 11 channels. Jaw opening and
closing movements were recorded in the frontal and the
sagittal planes. The movement graphs (three channels)
were used for localization of activity to movement
phases and for measurements of jaw deviation in the
frontal plane (26). The EMG was recorded simulta-
neously from eight sites with surface electrodes having
a diameter of 10 mm®. The electrodes were positioned
above the centres of the superficial masseter and
sternocleidomastoid muscle (SCM) bellies, and in the
centre of the suprahyoid area half way between the
mental spine and the greater horn of hyoid bone. In
the shoulder area the electrodes were positioned above
the upper trapezius, 1-5 cm dorso caudal of the upper
margin of the C7 spinous process. The ground electrode
was placed on the right leg. The EMG was amplified and
digitized with a 12-bit A/D conversion cardS. The
sampling rate was 3-1 kHz. The high frequency cut off
filter was set at 1 kHz with a 0-03 s time constant. Low
frequency cut-off was 2-5 Hz. Data were stored on the
hard disk of a Pentium III personal computer**. The
surface EMG recording illustrated in Fig. 2 was made
for illustrative purpose using the K7 Evaluation System
and Duo-trode EMG electrodes'. Scan 11 with a
sampling rate of 240 Hz was used to obtain tracings of
processed (integrated) EMG data.

The subjects sat with head unsupported and were
asked to maintain a relaxed erect position. EMG activity
was recorded during three tasks:

*Siemens Co., Bensheim, Germany.

*National Instruments™, Austin, TX, USA.
*Duotrode; Myotronics Tacoma, Seattle, WA, USA.
SPCL-818 HG; Advantech, Taibei, Taiwan.

**Intel Co., Santa Carla, CA, USA.
IMyotronics-Noromed Inc., Seattle, WA, USA.
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Fig. 2. Tracings of processed (integrated) EMG from a 14 s long
recording made with surface electrodes in a healthy subject from
the left SCM (LSCM) and right SCM (RSCM) areas and from the
left (LM) and right (RM) masseter muscle areas during three head
extensions followed by three head flexions. The masseter activity
during head extension was most probably a postural, antigravity
reflex with the function to keep the mandible position unchanged
relative to the maxilla.

1 Slow (1 per 2 s) self-paced maximal jaw opening—
closing movements: Maximal EMG level was first
recorded when clenching with maximal force for 3 s
in centric occlusion. The subjects rested for 10 min after
the maximal clenching. They then performed jaw
opening—closing movements, clenching with ca 10%
of their maximal force for ca 0-5s between each
movement. The clenching phase was included in the
analysis. Subjects were told to open and close in their
habitual manner.

2 Head-neck flexion—-extension movements (ca 1 per
2 s): The upper and lower teeth were kept apart with
lips sealed and no independent mandibular movements
were observed.

3 Shoulder elevation-lowering (ca 1s™'): Every task
was recorded for 10 s and repeated three times with
3 min rest between the recordings. The recordings were
repeated in a second session after 1 week. The EMG
and mandibular movement recordings were being
accepted as reproducible because two-way anova for
repeated measures did not disclose any significant
differences within or between sessions for any subjects
for any of the tasks.

Statistical analysis

A standard fast Fourier algorithm (FFT) with Hanning
window was used to convert the EMG signal from the
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time domain to the frequency domain and to produce
power spectra with a frequency resolution of 3-0 Hz.
Mean power frequency was calculated as:

I f st
Jo~ S(f)df,
where f = the sampling frequency and S(f) is the EMG
power spectral density estimated using an FFT algorithm.
The Root mean square (RMS) energy parameter was

computed as:
X2
RMS = L
N

where X; = the voltage value of sample; and N = total
number of samples.

A percentage-overlapping coefficient (POC) (27) was
used as muscular functional symmetry parameter. Each
contraction was divided into 50 ms segments. The
number of samples varied because the duration of the
contractions varied with a mean duration of
0-37 £ 0-088 s (s.d.). The RMS values, calculated on
the segments were used as variables in the POC
formula. POC values were calculated and expressed in
% units using the formula.

MPF

j
[1 — > | (rightmuscle; — leftmuscle;) ||

x 100
(rightmuscle; + leftmuscle;)
i=1

A POC of 100% would indicate perfect symmetry.
POC values were then compared between control
subjects and DMA patients.

Mean values of RMS values, mean power frequency
(MPF) and POC were calculated for each muscle area
based on those recordings using a statistical package
(spss/Pc v.10)*. Independent sample ¢-tests were used to
test differences between POC values for controls and
patients (Table 1). Paired ¢-tests were used to test
within subject differences in bilateral EMG recordings
(Tables 2 and 3). P < 0-05 was chosen as significance
level. No gender differences were found and that factor
was therefore not included in the continued analysis.

Results

The symmetry values based on the EMG recordings in
the masseter, suprahyoid, SCM and upper-trapezius
areas (POC %) were always lower in the DMA group

*SPSS Inc., Chicago, IL, USA.

Table 1. Electromyography of masticatory, neck and shoulder-
muscles symmetry in control and DMA subjects

Controls Patients
N=21 N=15
Left vs. Contra-lateral vs.
right side hyperplastic side
Jaw open-—close—clench
Masseter area 712 £ 567** 583 £ 1535
Suprahyoid area 724 + 4-03* 639 + 14:66
SCM area 554 £ 8:10%** 33:2 £ 7-86
Upper trapezius area 52:0 £ 9:56* 43-2 + 1207
Head extension—flexion
Masseter area 62:3 £ 10-46*** 410 £ 11-89
Suprahyoid area 632 £ 4-55%** 535 + 9-30
SCM area 715 £ 5-11%** 464 £ 1569
Upper trapezius area 627 & 4-47%** 410 + 1063
Shoulder
elevation/lowering
Upper trapezius area 679 £ 5-44%** 484 + 991

Percentage-overlapping coefficient (POC) values (mean and stan-
dard deviation) of electromyographic (EMG) bilateral recordings
from head, neck and shoulder muscle areas during jaw, head and
shoulder movements. The lower the POC values are, the more
asymmetric the activity was. The muscle activity was significantly
more asymmetrical in the patients than in the control subjects in
all muscle areas for all three types of movements. The masseter
was always active during head movements but only during the
extension phase. The stars indicate significant differences between
groups. ***P < 0-001, **P < 0-01, *P < 0-05.

than in the control subjects (P < 0-:01) during move-
ments and clenching (Table 1).

EMG activity was observed in the suprahyoid areas
during head flexion, but not during head extension
movements. Simultaneous head-neck movements
were observed to always occur both in patients and in
control subjects during jaw opening and closing move-
ments. Jaw opening was always accompanied by head—
neck extension and jaw-closing movement was
connected with head-neck flexion in both groups.

EMG contraction activity was always recorded in the
masseter during head-extension in spite of no visible
independent mandibular movement. That is the sub-
jects did not close the mouth making tooth contact or
decrease the free way space. No such EMG activity was
observed during head flexion (Fig. 2).

No differences were found in the control group when
comparing paired RMS and MPF values between sides for
the masseter, the suprahyoid, and the SCM areas during
jaw opening—closing—clenching phase, head extension—
flexion, or shoulder movements (Tables 2 and 3).
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Table 2. RMS values of EMG from control and DMA subjects (mv)

Control N = 21 Patients N = 15
Right side Left side Paired differences  Contra-lateral side  Hyperplastic side  Paired differences
(mean + s.d.) (mean + s.d.) (mean =+ s.e.) (mean =+ s.d.) (mean =+ s.d.) (mean =+ s.e.)

Jaw opening—closing—clenching

Masseter area 164 £+ 6:86 163 £ 743 01 &+ 044 139 £ 2:72 10-5 £ 4-53 33 £ 1-16*
Suprahyoid area 95 + 1-89 96 + 1-59 -0'1 +£ 034 149 + 4-32 107 £+ 4-00 4-1 £+ 1-44*
SCM 0-8 £ 038 09 + 033 -0'1 +£ 004 29 £ 079 36 + 115 —-0-7 £ 0-19**
Upper trapezius 0-13 £ 0-:057 0-14 £ 0:063 —-0-0 &+ 0-:02 02 =014 04 + 016 —-0-2 £ 0:05**
Head extension—flexion
Masseter area 1-4 £ 0-39 14 £+ 039 —-0-0 £ 0-06 30+ 118 1-4 £ 0-82 1:6 £ 0-33%**
Suprahyoid area 24 + 061 24 + 064 -0-1 &+ 0-:07 65 + 2:14 3-8 £ 275 27 &£ 0:79%*
SCM 2:0 £083 2:0 +£ 078 00 £ 005 2:1 +£077 35+ 163 —1-4 + 0:43**
Upper trapezius 0-30 £ 0-079 0-28 + 0-082 00 £ 0-01 03 £ 015 06 + 030 —0-3 £ 0-:09**

Shoulder movement
Upper trapezius 3-8 + 169 35 4+ 205 03 + 023 39 4+ 215 58 + 2:03 1:9 + 0-60**

Root mean square (RMS) values (mean and standard deviation) of electromyographic (EMG) bilateral recordings from head, neck, and
shoulder muscle areas during jaw, head, and shoulder movements. During head movements masseter activity was observed during head
extension but never during head flexion. Significant differences were observed between sides in the patients in all muscle areas during all
tasks but never in the control subjects. Note that in the patients the RMS values were lower on the side with hyperplasia in the masseter
and suprahyoid areas while they were higher in the neck and shoulder areas. The stars indicate significant differences between sides.
***P < 0001, **P < 0-01, *P < 0-05.

Table 3. Frequency values of EMG from controland DMA subjects (Hz)

Control N = 21 Patients N = 15
Right side Left side Paired differences  Contra-lateral side  Hyperplastic side  Paired differences
(mean + s.d.) (mean £ s.d.) (mean =+ s.e.) (mean =+ s.d.) (mean =+ s.d.) (mean =+ s.e.)

Jaw opening—closing—clenching

Masseter area 188 + 763 193 + 782 47 £ 563 180 + 389 210 + 407 —-299 £+ 10-87*
Suprahyoid area 224 + 43-2 221 + 424 36 + 447 279 + 684 286 + 674 -7-1 £ 2-81*
SCM 216 + 597 218 + 750 -2:8 + 834 253 + 620 245 + 633 75 + 3-22*
Upper trapezius 229 + 410 226 + 365 2-8 £+ 8:80 257 + 451 248 + 455 90 £11-24
Head extension—flexion
Masseter area 219 +£ 733 218 +£ 701 -06 + 327 189 + 726 196 + 756 -7-6 &+ 352 *
Suprahyoid area 183 + 529 184 + 54-0 08 + 175 193 £+ 54-0 204 £+ 51°1 -104 £+ 3:47*
SCM 181 £ 469 176 + 447 -52 + 572 221 £ 360 211 £+ 254 101 + 4-08*
Upper trapezius 151 + 398 155 + 367 43 +£ 778 180 + 345 164 £+ 359 157 + 3:27%%*

Shoulder movement
Upper trapezius 170 4+ 384 172 4+ 469 =13 + 2:72 204 + 376 182 4+ 200 21:8 £ 7:20%*

Mean power frequency (MPF) values (mean and standard deviation) of electromyographic (EMG) bilateral recordings from head, neck
and shoulder muscle areas during jaw, head and shoulder movements. Significant differences (paired samples t-test) were observed
between eight of nine areas in the patients but in none in the control subjects. Note that in the patients the MPF values were higher on the
side with hyperplasia in the masseter and suprahyoid areas while they were lower in the neck and shoulder areas. No such differences
were found in the control subjects. The stars indicate significant differences between sides. ***P < 0-001, **P < 0-01, *P < 0-05.

In the patient group, the RMS values were lower on The frequency distribution was more asymmetric
the hyperplastic side in the masseter and suprahyoid in the patient than in the control group. The masseter
areas and higher in the SCM and upper trapezius areas and the suprahyoid power frequency (MPF) values were
during all three types of movements (Table 2). higher but the SCM and trapezius MPF values were

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd



32

Y. DONG et al

lower on the side affected with hyperplasia during jaw
and head movements (Table 3).

The frequency distribution in the EMG recordings
from the suprahyoid, SCM and upper trapezius areas
was shifted to a higher area in the DMA patients than in
the control subjects (Table 3; P < 0-:05).

There were easily observable mandibular deviations
during jaw opening—closing movements in all DMA
patients and they were always to the hyperplastic side.
Mean maximum lateral deviation was 0-7 £ 0-:66 mm
for the left side, 0-7 & 0-79 mm for the right side in
control group, while 2:6 £+ 2:33 and 3-3 + 1:00 mm to
contra-lateral side and hyperplastic side in patient
group.

All patients had the head tilted to the non-hyper-
plastic side while standing erect in a habitual upright
position. While slight deviations and tilting occurred in
the control group,
observed.

Pain grade and scope was more on the hyperplastic
side than on the unaffected side (P < 0-05) at muscle
palpation in the masseter and neck areas in patients
(Nonparameter tests—Wilcoxon Signed Ranks Test).

no preferences for side were

Discussion

Although healthy, no subjects should be expected to
have bilaterally symmetric activity close to 100%
because facial skeletons are seldom, if ever, perfectly
symmetrical. The result of the present study was that
the patients with developmental mandibular asymme-
try (DMA) had more asymmetrical EMG activity in the
masseter, suprahyoid, SCM and upper-trapezius areas
during jaw, head, neck and shoulders movements and
clenching than the healthy control subjects. It was
observed that the DMA patients” heads were tilted to
the affected side when standing in their habitual
upright position. The patients had unilateral hyperpla-
sia and they all had mandibular deviations to the
unaffected side during jaw movements. The primary
cause for the pronounced mandibular asymmetry was
in these patients most probably their congenital disease
DMA, which is known to cause condylar and/or
condylar neck hyperplasia. Some authors have sug-
gested internal TMJ derangement (ID) as a possible
cause of condylar growth changes and mandibular
asymmetry (1, 28) while others have suggested ID as
secondary to mandibular asymmetry (2). This uncer-
tainty and a similar one about muscular dysfunction

being primary or secondary to skeletal asymmetry and
changed head and neck posture make it of high interest
to follow DMA patients from an early stage. This will be
considered in future studies. Asymmetrical activity may
be an aetiological factor causing changes in the cervical
spine curvature and facial muscular pain. The findings
are of interest when discussing postural abnormalities,
diagnosis and treatment plans in patients with TMD and
cervical pain.

Our results confirm that co-activation of jaw and
neck muscles occur during jaw opening—closing move-
ments (14, 16). We observed that head-neck exten-
sion—flexion movements occurred regularly during jaw
opening—closing movements. Masseter and suprahyoid
muscle areas were active also during head-neck move-
ments both in the control and in the patient groups.

Muscles are stretched during joint movements.
Antigravity muscles exhibit static stretch reflexes and
have what is called postural contraction or tone. Such
tone may also be present in muscles, which are not
strictly postural. A muscle can, however, be so relaxed
that no electrical or mechanical activity can be
observed. The remaining tone it then a result of its
inherent elasticity and not of neurological mechanisms
(29). When our subjects were sitting in an upright
comfortable position the masseters were silent. Con-
tractions were, however, always observed during head
(Fig. 2), which was performed without
observable independent mandibular movement. This

extension

activity was most probably a postural, antigravity reflex
with the purpose to keep the mandible’s position
unchanged relative to the maxilla during the head
movement. We recorded during movements while
Forsberg et al. (30) recorded masseter activity during
fixed, static positions. They found only very low activity
during ‘matural head position” but increased activity
was recorded during 5, 10 and 20 degrees of extension.
While not directly comparable we consider our results
to support those reported by Forsberg et al.

Many clinical studies have observed that patients
with craniofacial pain often have pain in craniocervical
structures. Neck pain has been shown to be associated
with temporomandibular symptoms in general and
particularly with facial and jaw pain (31). An attempt to
relieve neck symptoms by ergonomic therapy was
efficient but only if the masticatory system was also
treated (8, 9). Associations between neck pain and oral
parafunctional muscle activities have been found
already in pre-school children (32, 33). The aetiology
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of co-existing craniomandibular and cervical spinal
pain is most probably multi factorial. It is now widely
accepted that the fusimotor system plays a significant
role in the mechanisms of such co-existing cranioman-
dibular and cervical spine pain (7, 8).

The MPF during muscle contraction is related to the
number of synchronized motor units and action
potential conduction velocity. A shift of MPF to lower
areas is considered to indicate muscular fatigue (21,
22). The power spectrum obtained from muscles of
patients with myogenic pathologies is known to shift
towards higher frequencies, while a shift towards lower
frequencies is characteristic of muscles in patients with
neurogenic diseases (34). Sometime, neurogenic disor-
ders such as oral mandibular dystonia can cause spastic
muscle activity, similar to what we observed in our
DMA patients and characterized by involuntary move-
ments that affect posture (35). We did, however, not
observe any other signs that could justify a diagnosis of
a neurogenic disease in any of our DMA patients.

Eleven of the 15 DMA patients in our study had
pain, and the pain was more often on the hyperplastic
than on the unaffected side. These observations, which
need confirmation in future studies, may be related to

Fig. 3. TMJ Scholler position. The
movement range of the condyle on
the hyperplastic side (a) was limited
during maximal jaw opening move-
ments while the movement range of
the contralateral condyle (b) was
normal. The part with deformity is
not visible in these radiograms.
Outlines are marked with black lines.

the abnormal condylar structure or increased muscle
tension caused by mandibular ramus hyperplasia.
Muscular pain on the hyperplastic side was combined
with lower EMG activity (lower RMS values) indicat-
ing that the muscles were prone to fatigue. Our DMA
patients had unilateral condylar hyperplasia, which
limited their condylar/mandibular movement range
(Fig. 3). We recorded the mandibular range of motion
during jaw open—close movement and deviations in
the front plane were always large and to the hyper-
plastic side in the patient group (Fig. 4). This indicates
that unilaterally reduced mobility explains the asym-
metric activity.

RMS and MPF values were higher in the patients
than in the controls in the SCM and suprahyoid areas
on both sides during jaw opening—closing movements.
Increased tension may have been needed to stabilize
the head position during mandible movement.

Hypertonia is usually found in connection with
disorders of the descending pathways that result in
decreased inhibitory influence on the motor neurons
(36). It is possible that such mechanisms explain the
observed hyperactivity in the patients” neck muscles
but the activity may also be a functional adaptation to

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd
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Fig. 4. Average cycle graphs were made using the Sirognatho-
graph to illustrate the differences between the controls (a) and the
DMA patients (b) in deviation pattern in the frontal plane during
large opening—closing movements. There was marked deviation of
the trajectory the incision travels to the hyperplastic side in all
DMA patients while deviations were smaller and not unilateral in
the control group. Scales are in cm. Negative figures mark
magnitude of deviation to the left.

the abnormal cervical posture (Fig. 5a,b) caused by the
disease.

The thickness of the subcutaneous tissues on EMG
recordings is a well-known factor that affects the
amplitude of surface EMG recordings. In clinic, we
found the masseter area on the hyperplastic side to look
‘thinner’ than on the opposite side in the DMA patient.
We could not know if this was because of differences in
muscle volume or in thickness of subcutaneous tissues.
Nor did we have any method for measuring the
thickness of the subcutaneous tissue layer. Such mea-
surement can be made in intramuscular EMG record-
ings by observing how deep the needle has to penetrate
before activity is recorded. Such estimates will be
considered in future experiments (37).

Morphologic and functional differences between
sides are common in body-paired structures. Obvi-
ously, the tilted cervical spine changes how gravity
influences the neck muscles’ activity. Muscular func-
tional balance is essential both for oral function and for
head-neck stability (9). The cervical part of the spine is

(b)

Fig. 5. (a) The figure shows a DMA patient with typical facial
asymmetry. The mandibular midline deviates, and the head—-neck
are tilted during habitual head posture. Hypertonic tension is
visible in the sternocleidomastoid muscle (SCM) area on the left
side (arrow). It is not possible to know if the curved spine caused
tension in the SCM or if a hyperactive SCM caused the tilting.
Further studies may clarify this point by recording at initial stages
of DMA. Note the raised left shoulder. (b) Roentgenogram in
posterior-anterior position of the cervical spine from the DMA
patient in (a) showing that the cervical spine is curved and the
head is tilted. Such deviation was always to the side with muscle
hyperactivity in SCM.
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an unstable segment of the spine. Unbalanced load
may increase the instability. In our present study, both
the masticatory and the head-neck areas displayed a
more pronounced asymmetry in the EMG activity in
DMA subjects than in the control subjects. Therefore,
DMA may be a factor in cervical spine degeneration,
causing head-neck pain, and an abnormal spine
curvature.

Conclusion

In conclusion, the results showed that the facial asym-
metry in DMA patients is associated with EMG patterns
during jaw, head and shoulders movements that are
more asymmetric than in healthy subjects. Such asym-
metricmuscle function may be an etiologicfactor causing
cervical pain in DMA patients, which will be considered
and tested in future studies. The results also showed
antigravity muscle activity in the masseter area during
head extension and support the concept of a functional
relationship between the temporomandibular system
and the cervical spine neuromuscular system.
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