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I. INTRODUCTION

The masticatory system, which includes
maxilla, mandible, teeth, temporomandibular
joint(TM]), and all associated muscles, is
directly related to the cervical spine. The
neuromuscular influence of the cervical and
masticatory regions actively participate in
functions of mandibular movement and cervi-
cal positioning.h‘“ Mandibular movement is
dictated by the neuromuscular control of the
masticatory muscles until initial tooth contact
occurs. The tooth inclines then guide the jaw
into the maximum intercuspal position5). Many
factors influence the masticatory muscles and
affect the rest position of mandible and the

81

path of mandibular closure.* ® There are body
position, head posture, bite-raising appliance
and denture insertion etc.

Current literatures suggest occlusal abnor-
mality as a possible cause of headaches”, TM]
dysfunction”, facial pain patternm. Unfortun-
ately the influence of the cervical spine on
masticatory structure is frequently ignored.
The dentist should consider the relationship of
cervical spine to masticatory structure in
evaluation of mandibular rest position and
movement. The physical therapist should also
the potential the
masticatory system when the function of the

include influence  of
cervical spine are accessed.

When all the components that affect the
mandibular function in proper relationship, the
masticatory system demonstrates maximum
efficiency with a minimal expenditure of
energy.” However when the structure or
function of this complex, such as cervical
posture, is altered, the entire region maybe
affected. In practice, the influence of posture
and stress on musculoskeletal pain and dys-
function is a prime etiologic factor that is
commonly overlooked” Various investigators



have tested the relationship between the
cervical spine and the masticatory system ;
cevical posture changes can affect the man-
dibular rest positionlm, the mandibular path of
closure”and masticatory muscle

I"osselt,m in his studies of the mobility of
human mandible noted that postural rest
position was changed when the Frankfort
plane of the head was altered. Brill"” et al.
stated that changes in head position in a
relaxed subject would alter rest position of the
mandible, and moreover when the head was
inclined backwards, the mandible moved away
from maxilla and freeway space was increa~
sed. Prieskel” and Dombradyw had confirmed
this point and also reported that freeway space
was decreased when the head was flexed.
Other investigationsm also found this point to
be true. Brodie™ demonstrated the relationship
between head posture and rest position of
mandible that the rest position of mandible
was determined by muscular equilibrium
between the muscles of mastication and the
posterior cervical muscles, and he concluded
that this muscular equilibrium was a function
of the maintenance of head posture. Moht”
stated that head posture was the condition that
appeared to have the most immediate effect
upon postural rest position. Kraus'™ also stated
their interrelation on his papers.

In 1927 Schwartz""*’
dorsiflexion(backward bending) of the head
and neck complex resulted in considerable

demonstrated that

separation of the teeth and posterior movement
of mandible as in a class O case. In contrast
ventroflexion(forward bending) of head and
neck produced an opposite effect as in a class
11 case. In 1952 Posselt™ confirmed these ea-
rlier findings by Schwartz; i1e., head-neck
shifted the mandible distally
(posterior); ventroflexion shifted the mandible

dorsiflexion

mesially(anterior). Rocabado®and Rocabado et
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al.zg)pointed out that there was a dynamic
relationship between head posture and dental
occlusion. In addition to, Prieskel” investigated
the pathway of mandibular closure as affected
by head posture and offered to similar ex-
planation to Shwarz to changes in head pos—
ture. Moh!” suggested that a change in head
posture
closing path from rest position to maximum

would likewise alter the habitual
intercuspation. Ramfjord and Ash® stated that
initial contact would depend on posture, and
“" stated that dor-

siflexion caused the mandible to move away

Mohamed and Christensen

from the maxilla with resultant retrusion; in
ventroflexion the opposite occured. Similar su-
ggestions were demonstrated by McClean et
al”™ and other researchers.®*

(EMG)

have investigated the effect of head posture on

Several electromyographic studies
the masticatory muscles. Darnell®” suggested
that the activity of mandibular muscles was
related to that of the neck and trunk muscles,
so an imbalance in any of there muscles might
have widespread effects. 00
have been done investigating the relationship

Many studies

between head posture and mandibular function,
and it is well established that head-neck back-
ward bending increases the EMG activity of
the masticatory elevator muscles, especially
the temporalis muscle.!’ ™

Funakoshi'” et al. concluded that head-neck
dorsiflexion increased the EMG activity of the
temporalis muscles, whereas ventroflexion ca-
used an increase in the EMG activity of the
digastric muscles. Bratzavsky and Vander-
EEcken™ obtained similar findings but added
that dorsiflexion also increased activity in the
masseter muscles. Boyd et al” were in
agreement with these findings relative the
dorsiflexion increasing EMG activity of tem-—
poralis, and ventroflexion increasing EMG
activity in the digastrics but found, contrary to



Bratzlavsky and VanderEEcken, that ventro-
flexion rather than dorsiflexion increased the
EMG activity of the masseters.

The effects of altering vertical dimension on
head and neck posture have been to given
attention on several studies ™ Vig et al®
showed in healthy dental students adaptations
in head posture to total nasal obstruction. Daly
et al™ and Solow and Tallgrenm) found
significant changes in head position in res-
ponse -0 bite opening using an intraoral splint.
Daly et al. began to examine the postural
response of the head with a bite opening of
&mm, but without obstruction the nasal cavity.
Results showed a significant extension of the
head after one hour of bite opening in 90% of
the subjects, in accordance with the Vig et al,
study. Root et al™ found a tendency toward
rasing of the head with using an intraoral
splint (@ no splint, ® a splint at rest, © a
splint at 8mm beyond rest), but not signi-
ficantly differenced. Urbanowicz™ suggested
that an increase in vertical dimension was
associated with extension of head on the neck.
Kraus'” believed that how head and neck
posture responded to a change in vertical
dimension was dependent upon the degree of
cervical cpine dysfunction already presented in
the individual. In addition to, Makofsky"m et al,,
investigated the effect of sagittal plane head
posture on initial tooth contact (muscle contact
position; MCP) and suggested that over the
age of 30 there was an increasingly significant
relationship. Recently, Moya et al® have
demonstrate that the insertion of an occlusal
splint, increasing occlusal vertical dimension,
determines significant changes in the cra-
niocervical relationships such as extension of
the head on the cervical spine and decrease
cevical lordosis.

If we were to accept this statements, we
must logically conclude that in case of rest

83

position is altered by a change in head posture,
the habitual path of closure of the mandible
must also be altered by such a change. It also
alters muscle activity of head-neck muscles,
probably MCP. The purpose of this study is to
evaluate the influence of stabilization occlusal
splint on craniocervical relationship, especially
through the EMG muscle activity of represen-
tative mandibular positioning muscle groups.

I. MATERIALS AND METHODS

This study was performed on 16 subjects,
five women and eleven men, dental students at
College of Dentistry, Chonbuk National Uni-
versity. The age of the students ranged from
21 ~26 years with a mean of 23 years. For this
study, subjects were selected who were judged
normal by following criteria:

{1) natural dentition, no missing tooth, absence
of occlusal trauma, and no bad habits
(especially, unilateral mastication etc.)

(2) No history, signs and symptoms of CMD
and craniocervical disorders

(3) No pain and restriction on head and neck
dorsiflexion / ventroflexion on full range

For each subject a full-arch maxillary sta-
bilization occlusal splint was made of trans-
parent thermopolymerizing acrylic resin, with
flat occlusal surfaces, uniform, simultaneous
and multiple occlusal contacts at centric occ-
lusion and canine anterior guidance. The
insertion time of the splint and the amount of
increase in the occlusal vertical dimension by
means of intraoral appliances, are important
factors to consider in the craniocervical effects
reported:m. Therefore, the splint was worn for
1 hours in this experin1ents37)and the thickness
of splint ranged from 1.4~18mm on central
fossa of the maxillary first molar which was
within a therapeutic range.

Two experimental conditions were used; (1)



no splint, (2) a splint. At each condition there
are also two modes for this studies; (1) at rest
position, (2) at muscle contact position(MCP).
At each condition three head-neck postural
changes were obtained for each subject in
upright(0 ° ), 30 ° ventroflexion and 45 ° dorsi-
flexion by a pendulum goniometer*. Fur-
thermore the EMG recording in upright(0
*)served as the baseline record for each
comparison.

EMG recordings in this study were taken
using Bioelectric Microprocessor EM2® #+ The
electrical activities of the temporalis, masseter,
anterior belly of digastric muscles were
recorded by means of bipolar surface elec-
trodes(Ag/AgCl). Electrodes were placed along
the main direction of the muscle fibers with
usual method. For improvement of electrical
conduction the electrodes were on the patient
skin for 3 to 5 minutes prior to testing. This
time allowed the skin to absorb the electrode
gel and reduced electrical resistance. In order
to minimize methodological error the recor-
dings of EMG muscle activity were made
during all experimental procedures by the
same examiner.

Subjects were fully informed of study
protocol, expecially about rest and MCP prior
to each experiment.

EMG data was measured in microvolt of
average activity for the five seconds. Each
procedure consisted of eight recordings and
the mean values were compared with each
other.

Each subject was comfortably seated in the
chair with back supported and head upright
without head-rest. The detail of EMG recor-
dings was made following sequence:

1. Following skin cleansing, surface electrodes
were placed bilaterally over the temporal
and masseter and anterior digastric mu-

84

scles by recommended method.

2. Subject was comfortably seated with
back-supported in front of EM2 with the
head pendulum goniometer placed over the
head and maintained head in upright
position and calibrated to the 0° starting
position of head goniometer.

3. At rest position without splint each subject
was submitted to 3 recordings of EMG
activity by guiding the subject head—neck
angle to 0 °, 30 ° ventroflexion, 45 ° dorsi-
flexion with the teeth apartly.

4. At MCP without splint, each subject was
submitted to repeat step 3.

5. The splint was inserted for a period of 1
hours in each subject.

6. Above 1 to 4 steps were repeated to obtain
six EMG recordings with occlusal splint
insertion.

Based on aforementioned procedures, each
subject had 12 EMG recordings. Comparison of
EMG muscle activities with and without
occlusal splint was performed by means of one
way ANOVA, paired t-test program in
Statistical Packages for Social Sciences
(SPSS). All probability levels of < 5% were
regarded as statistically significant.

M. RESULTS

Comparison of the EMG activities combining
the left and right sides did not show diff-
erences between the conditions; (1) no splint,
(2) a splint, and twc modes; (1) at rest (2) at
MCP (paired t-test, P<0.05).

But statistical analysis of EMG activities
combining each condition and each mode did
show some differences at < 5% of probability
levels.

Table 1 show the mean values and standard
deviation of EMG muscle activities for mas-
ticatory muscles on rest mode without splint



Table 1. At rest, the EMG activities of temporalis, masseter, anterior digastric muscles by angulation.

without stabilization interocclusal splint.

TA MM
ANG\MUS — R ——*DA

X SD X SD X SD

0 Rt 1.09£061 1.30£1.05 1.52+0.93

(control) Lt 1.30£087 1421090 1512058
30° Rt 1.00£0.67 090£0.70 3.28 1220
Lt 1.26%152 0.87+0.32 3.2612.10*
45 Rt 1591084 3.02%2.06* 3,96+ 2.28x%
Lt 2321216 3.04£2.01+ 398+ 2.66%

* p < 0,05 when compared with control.
MUS; muscles, ANG; angulation,
30" 30° ventroflexion, 45° ; 45" dorsiflexion

TA ; temporalis, MM, masseter, DA; anterior digastricus.

during head flexion and extension.

Each of obtained data compared with head
upright condition(0 * head-neck position) whi-
ch was used by control. The result of com-
parison of the mean values in two head
postures and control revealed significant
differences. Therefore 30 © ventroflexion led to
increased muscle activity in anterior digastic
muscles (Lt. 3.26£2.10, Rt. 3.28%+2.29, p<0.05 )
and 45 " dorsiflexion was shown to significant
increase in EMG activities of masseter (Lt.
3.04£2.01, Rt. 3.02%+2.06, p<0.05) and anterior
digastric muscles (Lt. 3.98%266, Rt. 3.96=*
228 p<0.05) (Table 1). In addition to 30°
ventroflexion led to decreased muscle activity
in masseter muscles (Lt. 0.87%£0.32, Rt. 0.90=+
0.70, p>0.06) and 45° dorsiflexion led to
increased muscle activity in  temporalis
muscle(Lt. 2.32+£2.16, Rt. 1.5910.84, p>0.05),
but there was no statistic difference (Fig. 1).

At MCP without splint 30" ventroflexion
led to significantly increased muscle activity in
anterior digastric muscles (Lt. 3.72£2.80, Rt.
411+3.07, P<0.05) and led to decreased mu-
scle activities in masseter (Lt. 1.10£047, Rt.
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1.10+0.74) and temporalis muscles (Lt. 2.07E
2.05, Rt. 202%1.46). On the other hand 45°
dorsiflexion was shown to significant increase
in anterior digastric (Lt. 411£223, Rt. 436%
2.60, P<0.05) and masseter muscle activities
(Lt. 5.06+3.06, 492+3.29, P<0.05). On the
contrary to other conditions, the EMG ac-
tivities for the masseter muscles on MCP were
higher value than digastric muscles. And at
MCP masseter muscle activity (Lt. 5.05%3.06,
492+3.29, P<005) had higher value than
anterior digastric muscle activity (Lt. 411%
2.23, Rt. 4.36+2.60, P<0.05) on 45 " dorsiflexion
(table 2). Table 2 shows the mean values and
standard deviation of EMG activities under
conditions of MCP and no splint for head
flexion and extension.

At rest with stabilization splint 30 * ventro-
flexion led to significantly increased muscle
activity in anterior digastric muscles (Lt. 5.15
+332, Rt. 478+3.88, P<0.05). 45 ° dorsiflexion
led to significantly increased muscle activities
in anterior digastric muscles (Lt. 567+3.45, Rt.
4974285 P<0.05) and in masseter muscles
(Lt. 3.03%2.33, Rt. 2.72£2.37, P<0.05) (table 3).
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Fig. 1. At rest, the EMG activities of temporalis, masseter, anterior digastric muscles by angulation,
without stabilization interocclusal splint. (*p{0.05)

Table 2. At MCP the EMG activities of temporalis, masseter, anterior digastric muscles by angulation,
without stabilization interocclusal spfint.

TA MM DA
ANG\MUS _— — —
X SD X  SD X SD
0’ Rt 267£201 248+2.11 1.66+0.85
(control) Lt 2.96+2.84 223%1.16 1667058
30° Rt 202146 1.10+0.74 411+307x
Lt 2.07+205 1.10+0.47 3.72+2.80
45 Rt 277159 4924329+ 4,361 2.60%
Lt 3.00+221 5,06+ 3.06% 4.11+223

* p < 0.05 when compared with control.

MUS; muscles, ANG; angulation,

30" ; 30° ventroflexion, 45 ; 45  dorsiflexion

TA ; temporalis, MM; masseter, DA, anterior digastricus.
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Table 3. At rest the EMG activities of temporalis, masseter, anterior digastric muscles by angulation.
with stabilization interocclusal splint.

-~ " _
ANG\MUS — MM DA
X SD X SD X SD
0 Rt 1324131 1.41£0.8] 2341156
{control}) Lt 1.3841.32 1.46£0.93 2441093
30 Rt 0.94+0.77 0921065 4,781 3,88%
Lt 1.16 2096 1.71+£2.36 5.151+3.32%
45° Rt 150+1.32 2724237 4.97 12 85«
Lt 1.42+1.00 3.03:1+2.33% 5673 3.45*

* p < 0.05 when compared with control.

MUS; ruscles, ANG; angulation,

307 5 307 ventroflexion, 45° ; 45" dorsiflexion

TA . temporalis, MM; masseter, DA; anterior digastricus.

Tabie 4. At MCP the EMG activities of temporalis, masseter, anterior digastric muscles by angulation,
with stabilization interocclusal splint.

ANG\MUS _Ta MM _ DA
! X SD X SD X SD
0 Rt 1784178 202+1.89 2424140
(control) Lt 1.81+£2.22 250+2.38 987+1.14
30° Rt 1364129 200+4.46 5,38.£ 308+
Lt 133%1.46 1484124 4.60+325+

5 Rt 250+2.71 4264328 545+310%
Lt 253+255 4414300 5.32+9273x

* p < (.05 when compared with control.

MUS; muscles, ANG; angulation,

30° 1 307 ventroflexion, 45" ; 45" dorsiflexion

TA ; temporalis, MM; masseter, DA; anterior digastricus.

At the MCP with stabilization splint 30 ° 4.46), but not significant. 45 ° dorsiflexion led
ventroflexion led to significantly increased to increased muscle activities in masseter
muscle activity in anterior diagastric muscles muscles (Lt 441+3.00, Rt 426+328),
(Lt. 4501325 Rt 538+t398 P<0.05 and temporalis muscles (Lt. 253255, Rt. 259%
showed to decreased muscle activities in tem- 2.71) and to significantly increased in anterior
poralis (It. 1332146, Rt 136129 and digastric muscles (Lt. 532%273, Rt. 547=
masseter muscles (Lt 1482124, Rt. 2.00=* 310, P<0.05 ) (Table 4).

87



Fig. 2. The EMG activities of temporalis, masseter, anterior digastric muscles between resting and

Table 5. The EMG activities of temporalis, masseter, anterior digastric muscles between resting and

Integrated EMG activities(uV)

N T
RTAr RTAl MTAr

Masticatory muscles

T Ty S UL U RN
MTAI RMMr RMM! MMMr MMMI RDAr RDAI MDAr MDA

l 0 upright

IRl 30 ventrofiexion EE=3 45 dorsiftiexion _]

MCP with stabilization interocclusal splint.

MCP without stabilization interocclusal splint.

MUS\ANG 30" ventroflexion 0° upright 45" dorsiflexion
R TAr 1.07+0.65" 1.67£0.74° 159082
TAl 1.28+1.49” 130092 2.38+2.28
M TAr 192+ 1.45" 254+1.997 2.60£1.607
TAI 1.91+2,01” 2.29+2.20” 290+2.18
R MMr 0.88+0.66" 1.32%1.02¢ 259+ 161"
MMI 0.83%0.31 140+0.86” 2614125
M MMr 1.05+0.74° 245+313" 441+289
MMI 1.04+0.48 218+1.20” 441254
R DAr 307188 1491091 349195
DAl 3491208 158058 3.20+1.44
M DAr 390*3.20 163081 4101193
DAl 324252 155+0.66 366+ 1.74

abcdefghij p<0.05(paired t-test)

R; rest position, M; MCP

MUS; muscles, ANG; angulation,

TAr, Rt. temporalis, TAL Lt. temporalis,
MMr; Rt. masseter, MM}, Lt. masseter,
DAr; Rt anterior digastricus, DAL Lt. anterior digastricus.
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Table 6. The EMG muscle activities of temporalis, masseter, anterior digastric muscles between resting
and MCP with stabilization interocclusal splint.

MUS\ANG 30" ventroflexion 0° upright 45" dorsiflexion
R TAr 095+0.75" 121128 1.40+1.29°
TAl 106+0% 125%131 131+1.00
M TAr 137+126" 192+1.84” 2.56+257
TAl 131+1.42 1824220 245+2.47
R MMr 087065 1.07+0,76" 2.71+2.30°
MMI 113060 1.34+0.87€) 274+ 1.77g)
M MMr 1.00+0.59 1.93+1.82d) 4.21£3.37f)
MMI 1744236 2.40%2.28¢) 4.08+259g)
R DAr 416284 2224156 444+260
DAl 435238 2,35+ 0.94h) 4524290
M DAr 467+3.46 2.34%137 455+2.39
DAI 398+291 2,86+ 1.00h) 4681198

abcdefghij p<0.05(paired t-test)

R; rest position, M; MCP

MUS; muscles, ANG,; angulation,

TAr; Rt. temporalis, TAl, Lt. temporalis,
MMr; Rt. masseter, MMI; Lt. masseter,

DAr; Rt. anterior digastricus, DAl; Lt. anterior digastricus.

The paired comparison between MCP and
rest during cervical flexion and extension in
subject with and without splint was signi-
ficantly different(paired t-test, p<0.05).

At MCP, the integrated myoelectrical values
for all muscles was higher than at rest(Table
5,6).

Characteristically at MCP EMG activities of
temporalis and masseter muscles, were higher
than at rest independently of head posture. but
there was little changes in anterior digastric
muscles (p<0.05). Fig. 2 was shown to those
schematically.

When the comparison was made between
the resting values and MCP values with splint,
temporalis and masseter muscle activities were
higher than those at rest such as without
splint. And there were also little changes in
anterior digastric muscles(Table 6).

When the comparison was made between
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the values with and without splint, there was

a significant difference (paired t-test, p<0.05)
At first at rest mode with splint insertion led
to decreased muscle activity in temporalis and
to 45° dorsiflexion, with statistical signifi-
cance. During upright head poture, EMG
activity of anterior digastric muscles was
shown the differences before and after splint
insertion, significantly(Table 7).

There was also a difference between with
and without splint during MCP. In the both of
cervical extension and flexion, EMG activities
with stabilization splint were higher values
than those of values without stabilization
splint in anterior digastric muscles during
upright and 45 ° dorsiflexion, significantly
(p<0.05). The EMG activity of temporalis
muscles was changed after splint insertion at
MCP. So, the EMG activity of temporalis was
decreased 30 ° ventroflexion, significantly(p<



Table 7. At rest the EMG activities of temporalis, masseter, anterior digastric muscles with and without
stabilization interocclusal splint.

MUS\ANG 30° ventroflexion 0" upright 45° dorsiflexion
R TAr 1.07£065 1.17+0.74 1.62+0.82
TAI 128+149 1.36+£09% 2.3312.28a)
M TAr 095107 121£1.28 1.40+1.29
TAl 1.05£0% 1.25+1.31 1.31 £1.00a)
R MMr 0.89%0.66 132+1.02 2791169
MMI 0.88+£0.31 1.40%£0.836 279149
M MMTr 0.87+063 1.07+1.07 2661231
MM 1.13£060 1.34£0.87 2921226
R DAr 312+1.92 1.49+091b) 349+19
DAl 3621209 1.58%£0.58¢) 3.18+1.484)
M DAr 3851293 2.22%+156b) 4.38%2.66
DAl 4221238 2.352094c) 4.42%2.22d)

abcdefghij p<0.05(paired t-test)

R; rest position, M; MCP

MUS; muscles, ANG; angulation,

TAr; Rt. temporalis, TAl, Lt. temporalis,

MMr; Rt. masseter, MMI;, Lt. masseter,

DAr;, Rt anterior digastricus, DAl; Lt. anterior digastricus.

Table 8. At MCP the EMG activities of temporalis, masseter, anterior digastric muscles with and without
stabilization interocclusal splint.

MUS\ANG 30" wventroflexion 0" upright 45" dorsiflexion
R TAr 1.92*1.45a) 2541199 2601160
TAl 191£201 2.29%2.20 290%2.18
M TAr 1.37%1.26a) 192+1.84 213161
TAl 131+142 168£2.15 2451247
R MMr 1.07£0.75 2.4512.13b) 4421289
MMI 1.04+048 218%1.20 467%272
M MMr 1.00£0.59 1.93£1.82b) 364297
MMI 1.74+2.36 2.40%2.28 379+2.29
R DAr 425%1.26 163%081c) 406189
DAl 336254 155%0.66d) 354%156d)
M DAr 470%3.36 234%1.37c) ‘ 455%2.39
DAl 4241282 2.86%1.09d) 468%1.98d)

abcdefghij: p<0.05(paired t-test)

R; rest position, M; MCP

MUS; muscles, ANG; angulation,

TAr;, Rt. temporalis, TAL Lt. temporalis,

MMr; Rt. masseter, MMI;, Lt. masseter,

DAr; Rt. anterior digastricus, DAl Lt. anterior digastricus.
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Fig. 3.
splint insertion.

0.03). Table 8 showed the mean values and
standard deviation of EMG activities of each
muscle.

IV. DISCUSSION

Various muscles and ligaments connect head
to neck. Also mandible is suspended on head
and neck with muscles and ligaments. There-
fore, the cervical muscles maintaining head
balance and the muscles of the stomatognathic
system in which intervention at any level will
bring about a change in the whole system
including mandible. Because one of the main
symptoms of craniomandibular disorder(CMD)

ventroflexion Rt [___] ventroflexion Lt FRiH
[ dorsiflexion Rt dorsiflexion Lt
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control Rt

The EMG activities of temporalis, masseter, anterior digastric muscles before and after

is muscular tenderness, the status of the
cervicovertebral region and head posture
would most probably be affected in patients
suffering from such a condition. Thus the
relationship between head posture and man-
dibular position and function is of great
interest to disciplines concerned with the
treatment of patients with craniocervical pains.
In this sense Goldstein et al*’ state that
"Although the exact mechanism by which head
position affect the movement of the mandible
is not completely understood, proper head-
neck positioning appears important to all
phases of dentistry.”

The first aim of this study is to compare the



effect of head posture on integrated myoel-
ectrical vlaues in elevators and depressors. In
this study sagittal plane head-neck move-
ments(dorsi and ventroflexion) were selected
because these are the movements have been
researched extensively in the literature™ ™"
12'13'14), and the determination of a range of
movement from 45 ° dorsiflexion to 30 " ven-
troflexion was made upon a clinical judgement
that it is the maximum range that the vast
majority of subjects can easily perform. In
addition to this, within the spectrum of head
positions occuring during the act of ingestion,
a flexion of aproximately 30 * seems to be the
anterior parameter of postural variation. As for
the posterior extreme of the postural spectrum,
head extension by at least 45 ° seems to occur
during the end of drinking act. Considering
that actual mastication occurs somewhere
within this spectrum and that perhaps more
importantly that swallowing takes place during
a wide variety of head positions, the possible
effect of these function deserves our atten—
tion” In practice many previous studies have
demonstrate their interrelationship between
head position and stomatognathic system;
mandibular resting position, mandibular path of
closure, masticatory muscle, occlusion.

The pendulum goniometer was used to
measure head-neck dorsi and ventroflexion for
of accuracy, cost and ease of
application.4l) In present study reliability
appeared 85~90% level on each head position.

In this study, head-neck flexion and ex-
tension determined significant changes in
EMG activities of elevators and depressor
muscles. 30 © ventroflexion at rest or at MCP
led to increased muscle activity in digastric
muscle, and these result agreed with Funa-
koshi'”, Boyd et el 45 ° dorsiflexion at rest
or at MCP led to increased muscle activities in
masseter muscle and temporalis muscle, but

reasons
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there was not significant statistical difference
in case of temporalis muscle. Anyway, these
results also agreed with VanderEEcken.'”
Dorsiflexion rather than ventroflexion was
showed to increased muscle activity of the
masseter muscle, and these results disagreed
with Boyd et al'” According to Makofsky™
the temporalis muscle has been implicated as a
possible examination for the occlusal changes
observed with head dorsiflexion. As head is
tipped back the contraction of temporalis
muscle pulls the mandible back to cause the
posterior occlusal contacts observed by the
aforementioned researchers. Also this study
also demonstrated increase of EMG activity of
temporalis compared with no postural change
(control) during 45 ° ventroflexion both rest
and MCP. But there was not the statistical
difference in this study. Therefore it was
difficult to expect that these EMG changes,
especially in the temporalis muscle,
believed to alter mandibular position so that
the initial tooth contacts would shift as the
lower teeth were closed to the upper teeth, in
this study.

The physiologic rest position has been
attributed to three possible mechanisms;
postural tonicity of the muscles, myotatic
(stretch) reflexes, gravity-elastricity, and/or a
combination of all of three.*” Proprioception of
mandibular position is determined by sensors
in the joint capsule, muscle spindles, perio-
dontal membrane and oral mucosa.®In this
study, EMG activity of temporalis muscle at
MCP was higher than at rest and than that of
masseter muscle. This is believed to be
following mechanisms. At MCP of mandible
the pressoreceptors in the periodontal mem-
brane will be stimulated. In this point, the
contraction of temporalis and masseter muscle
is resulted during MCP rather than rest
condition.

were



45 ° dorsiflexion as contrasted to other
studies also led to markedly increased muscle
activity in anterior digastric muscle. Further-
more, dorsiflexion rather than ventroflexion
was shown to higher muscle activity. This
contraction of the digastric muscles in res-
ponse to changes in head posture is believed to
be following mechanisms. Dorsiflexion with
contraction of post-cervical muscle will lead to
immediate unequilibriumm condition of head-
neck posture to the increased gravitational
force. Gravitational force pulls the mandible
downward and this movement will be incre-
ased inframandibular soft tissue tension(supra
/infrahyoid muscles and fascia). Consequently
Jinfrahyoid, surprahyoid muscle will be contr-
acted for this factor and mouth opening may
be increased, and such a condition stimulates
myotatic reflex in elevator muscles, and it
leads to muscle contraction such as masseter
muscle. Proprioceptive mechanisms in the
mandibular muscles are highly developed, and
informations about the tension and/or length of
the muscle are quickly transmitted from the
muscle proprioceptors to the central nervous
system. Both the position of the mandible and
maintanance of the freeway space are cont-
rolled by the proprioceptive function of the
mandibular muscles. Ventroflexion, absolutely,
includes anterior cervical muscle contraction
considering body position.

Full-arch maxillary stabilization splints are
frequently used in the management of CMD.
They provide a good tool for the elimination of
occlusal interference to reduce neuromuscular
activity, and to obtain stable occlusal relation-
ship with uniform tooth contact throughout the
dental arch.

Many studies using splints which increase
in vertical dimension indicate that those results
are associated with extension of the head on
the neck.™ Recently Moya et al* also

93

comfirmed and demonstrated that the insertion
of an occulusal splint determined significant
changes in craniocervical relationships-
extension of the head on the cervical spine in
subjects with muscle spasms. In this study
EMG changes of masticatory muscle according
to changes in head position was observed after
splint insertion.

Previous study showed that the insertion
time of the splint might also influence the
obtained results.”” And Craniocervical changes
after one hour of experimental bite-opening
had been mentioned in earlier study, and the
above duration may be enough time for
postural changes in head and neck. In this
study, splint wearing time was 1 hour also and
the increase in occlusal vertical dimension
used in this study was within the therapeutic
range. Tongue position often inhibits proper
mandibular position, so anterior palatal margin
of splint was fitted to cervical margin of
anterior maxillary teeth.

When a comparison was made before and
after splint insertion on each of head flexion
and extension, there were some difference with
statistical significance. Firstly, splint insertion
did not change the EMG activity of mas-
ticatory muscle during 30 ° ventroflexion at
rest. But during 45 ° dorsiflexion splint inser-
tion led to decreased muscle activity in tem-
poralis muscle and led to increased in digastric
muscle at rest. Splint insertion also changed
the EMG pattern at MCP. During 30°
ventroflexion splint insertion led to decreased
muscle activity in temporalis at MCP.
Otherwise, during 45 ° dorsiflexion led to
increased muscle activity in digastric muscle
at MCP. Both at rest and at MCP mode,
dorsiflexion was shown to increase digastric
muscle activity. The question arises as to why
there was such a difference in comparison to
without splint condition in case of anterior



digastric muscle. Increased gravitational forces
on the head appeared to affect the masticatory
muscles. Neurologically the cervical apophy-
seal joint could directly alter muscular activity
about jaw, because increased masticatory
EMG levels was noted with cervical backward
bending. This means, at least, that after splint
insertion downward backward force applies on
the mandible larger than before splint in-
sertion, it's direction agreeed with
gravitational force independent of rest or MCP
and agree with vectors of mandibular retrusion
and opening, or head upright. In practice man-
dibular protrusion and retrusion also increased
the suprahyoid musculature.*’ Thus, splint
insertion might be change the mandibular
positioning muscle, especially digastric muscle
contraction during dorsiflexion, and it’s change
might be affect the equilibrium of head-neck
musculature and might be mandibular position
, even head posture also. But in this study the
exact influence of the inframandibular muscles
on the mandible as the head was tipped
backward could not be known due to this
study did not consider of hyoid movement and
occulusal horizontal movement. And this study
did not show that head extension might be
change the mandibular position in backward
and that retruded MCP would increase
temporalis muscle activity. Of course, Ma-
kofsky et al. demonstrated that age was
important factor in occlusal change follwed by
head postural change.sg)

This study offered some possibility that
splint insertion would change the mandibular
positioning muscle activity and that, at least,
would affect the equilibrium of head posi-
tioning muscles including anterior and poste-
rior cervical muscles. But the detail of the

and

influence of the inframandibular muscles(esp,
digastric muscle) on mandible was not known
as the head was tipped backward. Now, the
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author can conclude that although the exact
mechanism by which head position affects the
movement of mandible is not completely
understood, the position of the mandible and
the EMG activity of masticatory muscles are
greatly affected by the posture of the head.

EMG activity on masticatory muscles,
especially digastric muscle, changed by splint
insertion, this also showed new craniocervical,
mandibular relationship.

Further comprehensive study should be
under EMG study
muscles including infrahyoid muscles and
under occlusal analysis for certain objective
changes, coincidently.

made in masticatory

V. CONCLUSION

There is a dynamic interrelationship bet-
ween mandibular posture and head-neck
posture. Alteration of anteroposterior head-
neck posture on sagittal plane appears to have
an immediate effect on mandibular position in
a normal population. Therefore, head posture
and it's effect on mandibular posture and
function are of immense importance in the field
of dentistry as well as physical therapy. This
study was performed 20(6 women, 14 men)
normal subjects using EM,® and pendulum
goniometer. In this study followings were
resulted:

1. Before insertion of stabilization splint 30 °
ventroflexion of head led to
muscle activity in anterior digastric muscle
and 45 ° dorsiflexion of head led to increased
muscle activities in masseter and anterior

increased

digastric muscle under the condition of
mandibular rest position and MCP.

2. After insertion of stabilization splint 30 °
ventroflexion of head led to increased mu-
scle activity in anterior digastric muscle
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under the condition of mandibular rest posi-
tion. On the other hands 45 ° dorsiflexion of
head led to increased muscle activities in
masseter and digastric muscle at mandibular

rest position, but only in digastric muscle at
MCF(p<0.05).

3. Both before and after insertion of stahili-

zation splint, head flexion and extension
during MCP resulted in markedly increased
EMCG activities of temporalis and masseter
muscle compared with mandibular rest

(p<0.05).

REFERENCES

. Perry, C. : Neuromuscular control of mandibular

movement, J. Prosthet. Dent., 30:714,1913.

.. Thompson, J. R., and Brodie, A. G. : Factors in

the position of the mandible, ]. Am. Dent.
Assoc., 29:925,1942,

. Halbert, R. : Electromyographic study of head

position, J. Can. Dent. Assoc., 24:11,1958,
Wyke, B. D, Neuromuscular mechanisms
influencing mandibular posture : A neurologist’s
review of current concepts, J. Dent. Research.,,
2:111,1972,

The orthopedic influence. In
Morgan, D.H., Hall, WP, and Bambas, S. J.
editors: Diseases of the Temporo -mandibular
Apparatus © A Multidisciplinary Approach, St.
Louis, the C. V. Mosby Co., pp 198-200, 1977
Some observations on the
postural position of the mandible, ]. Prosthet.
Dent., 15: 625,1965.

. Ramfjord, S. P. : Dysfunctional temporomandi-

hular joint and muscle pain, J. Prosthet. Dent.,
11:364,1961.

Head posture and its role in
occlusion, N.Y. state Dent J., 42:17,1976.

. Graham, M. M., Buxbaum, J. and Stalling, L. M.

: A study of occlusal relationships and the
incidence of myofacial pain., J. Prosthet. Dent.,
47:549,1982.

Cohen, S. © A Cephalometric study of rest

95

11.

12,

13.

14,

16.

17.

18.

19.

20.

2l

. Rocabado, M.

position in edentulous persons: Influence of
variations in head position, J. Prosthet. Dent.,
7:467, 1957,

Funakoshi, M., Fujita, M., and Takehana, S. :
Relations between occlusal interference and jaw
muscle activities in response to changes in head
position, J. Dent. Res., 55:684-690,1976.
Bratzlavsky, M. and VanderEEcken, N.
Postural reflexes in cranial muscles in man,
Acta. Neurol, Belg., 77:5-11,1977.

Boyd, D. H, Macboyd, C., Bryant, R. W. and
Wivgul, J. P. © The effect of head position on
electromyographic evaluations of representative
mandibular positioning muscle  groups, J.
Craniomancib. Pract., 550-54,1987.

Posselt, U. : Studies on the mobility of the
human mandible, Acta. Odontol. Scand.,
10:1-153,1952.

. Brill, N. and Lamjmie, G. A. et al. : Mandibular

positions and mandibular movements, Br. Dent.
J. 106:391,19309.

Dombrady, L. © Investigation into the transient
instability of the rest position, J. Prosthet. Dent.,
479:16,1966.

Yemm, T. : The mandibular rest position: The
roles of tissue elasticity and muscle activity, J.
Dent. Assoc. South. Afr, 30:203,1975.

Brodie, A. (. : Anatomy and physiology of head
and neck musculature, Am ] Orthod,, 36,831
~-840,1950.

Kraus, S. C. : Cevical spine influence on the
craniomandibular region in TM] Disorders :
Management of the Cranio mandibular Complex.
London @ Churchill Livingstone, Inc., 389-390,
1988,

Schwartz, A. M. : Dieautomatische reine scha-
miervewegung im kiefergelenk 2,
25:287-209,1927.

Schwartz, A. M. : Positions of the head and
malrelations of the Jaws, Int ] Orthod Oral Surg
Radiol,, 14:56-68,1928,

Stomatol.,

Diagnosis and Treatment of
abnormal cranio —cervical and craniomandibular
mechanics, In Solberg, W. K., and Clark, G.
T{eds) : Abnormal Jaw Mechanics Diagnosis
and Treatment, Chicago, Quintessence, 1584,



23.

24.

25.

26.

27.

28,

29.

30.

31

32.

33.

Rocabado, M., Johnston, B. E. and Blakney, M.
G. ' physical therapy and dentistry An
overview, J. Craniomandib. Pract., 1,46-49,1982,
Goldstein, M. S., Goldstein, D. G., Kraus, S. and
Williams, W. : Influence of cervical posture on
mandibular movement, J. Prosthet. Dent.,
52:421,1984.

Ramfjord, S. P. and Ash, M, M. : Occlusion, 2nd
ed., Philadelphia, W.B. Saunders Co., 1971.
Mohamed, S. E. and Christensen, L. V.
Mandibular reference positions, J. Oral. Rehabil.,
12:355-367,1985.

McClean, L. F,, Brenman, H. S. and Friedman,
M. G. F. : Effects of changing body position on
dental occlusion, J. Dent. Res., 52:1041-1045,
1973.

Shpuntoff, H. and Shpuntoff, W. : A study of
rest position and central position by EMG, J.
Prosthet. Dent., 6:621-628,1956.

Darnell, M. : A proposed chronology of events
for forward head posture, J. craniomandib.
Pract., 1:49-54,1993.

Garnick, J. and Ramfjord, S. F. : Rest position :
An electro -myographic and clinical investig-
ation, J. Prosthet. Dent., 12:895-911,1962,
Jarabak, J. R. : An EMG analysis of muscular
behavior in mandibular movements from rest
position, J. Prosthet. Dent., 7:682~710,1957.
Manns, A., Miralles, R., Santander, H., and
Baldivia, J. : Influence of the vertical dimension
in the treatment of myofascial pain-dysfunction
syndrome, J. Prosthet. Dent., 50:700-709,1983.
Manns, A., Miralles R, and Cumsille, F. :
Influence of vertical dimension on masseter
muscle elecromyographic activity in patients

96

37.

39.

41.

42.

with mandibular dysfunction, J. Prosthet. Dent.,
53,243~247,1985.

. Vig, P. S, Showfety, K. J., and Phillips, C. :

Experimental manipulation of head posture.,
Am. J. Orthod. 258-268,1980.

. Daly, P, Preston, C. B, and Evans, W. G. :

Postural response of the head to bite opening in
adult males, Am. J. Orthod., 82,157-160,1982.

. Solow, B. and Tallgren, A. : Head posture and

craniofacial morphology, Am. J. Phus. Anth-
ropol., 44:417,1976.

Root, G. R, Kraus, S, Razook, S. J. and Samson,
G. : Effect of an intraoral splint on head and
neck posture, J. Prosthet. Dent., 58:90-95,1987.

. Urbanowicz, M. : Alteration of vertical dimen-

sion and its effect on head and neck posture, J.
Craniomandib. Pract., 9:174-179,1991.

Makofsky H. W., Sexton T. R., and Diamond D.
Z., ' The effect of head posture on muscle
contact position using the T-scan system of
occlusal analysis. ] Craniomandib Pract. 1991,9,
316-321.

. Moya, H., Miralles, R., Rocabado, M. and

Santander, H. : Influence of stabilization occlusal
splint on craniocervical relationships0, Part I :
Cephalometric analysis, J. Craniomandib. Pract.,
12:47-51,1994.

Herrmann D. B. : Validity study of head and
neck flexionextension motion comparing and
roentgenograms., | Orthop Sport Phys Ther.
1990:11,414-418.

Weinberg L. A, @ Vertical dimension : A
research and clinical analysis., J. Prosthet. Dent.
1982;47,260-302.



Fst RN e ghate] AlAA 291, FEz2 e 723 W3l FAH 2EH A Fo| B g9l
e dygste oA Aoz HT dFHE dAF szl AA, 53 TR Aol el

A0 FARAME slete] MBS Futetel £F SNl E AT A HY o &
Awe = e B FAE olF BEF Aot

AAE FAR 7L 2@ B o8 AsEEXE 22 ARG EudM staal
210 4 26M 2] AP T XopdA R mH o] gla FAE Aol FF 2 ARLEA S
S HAA 22 HAA 209 S g AEAE ARt ARl A9 A s 5T Al 7X
SRR (0°,30° 2FH, 457 Ao BE @A FHAAHAE 2 b 9ot 2H
2 (27 AHE)MY FAR ZH(EFE, 1, dolEI)e 2HEE Bioelectric Micropro-
cessor EM2" & AMgste] 238 & gAH o2 g, B4, Hrlele tgd 2o 238 A

2
]

=)
=1

=3

T
™
oy

1wt AR A slet b 9] ¥ 2HFY A FRe 30° 2L Ao B2 2BHEE 45°
ARE 32 @ oo]BIe] 2N EE FIHAZ Hp<0.05)

2. sk AR ARE shet e flol M FHe 307 #AH L ol B PEHEE, 457
2 otolE o] Z FHTE FUIAIZ o, st 2HEY A TR 457 AH 2 ool B
T 271 A1 Hp<0.05)

3 RS AR A AT P $H2o 307 2H 45 AAH IE 252 9 129 st 2HEY A

TEAEI} Aol e 28T ¥E Fo% F7HE YERRTHp<0.05).

Lo

97



