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THE IMPACT OF POSTURAL CHANGES ON DENTAL OCCLUSION

NAIF A BINDAYEL

ABSTRACT

 Body and head posture have been areas of intense research over the last decade. Significant rela-
tionships between postural changes and craniomandibular phenomenon are well proven. This paper 
focuses on the impact of postural changes (head and body) on dental occlusion, function, growth and 
development. Many theories have attempted to explain the nature of such relationship. These theories 
are discussed in this paper, and its impacts on different dental and craniocervical aspects are outlined. 
Despite scientific evidence presented in the literature, postural changes are usually overlooked in 
clinical practices. An overview on this topic is important to enable clinicians to provide more precise 
clinical assessment and management.
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INTRODUCTION

 The relationship between head posture and the 
muscle contact position (initial tooth contact) is of 
great interest to all disciplines of dentistry concerned 
with the treatment of patients with cranio-facial pain 
as well as to those dentists who perform bite registra-
tion for full dentures, fixed prosthesis reconstruction, 
and orthodontic diagnosis.1,2 The interactions between 
head musculature and dental occlusion has been well 
documented as early as 1950 when Brodie3 found that 
the rest position of the mandible is determined by 
muscular equilibrium between muscles of mastication 
and posterior cervical muscle. Many planes have been 
evolved to assess the head posture. Camper’s plane 
(1768) and Frankfort plane (1884) were among the 
first to be described.4

HEAD POSTURE AND OCCLUSION

a. Occlusal Contact and Malocclusion

 According to the well-known work by Posselt5, none 
of the border positions of the human mandible are 
affected by posture and a tracing of so called envelope 
of motion remains virtually the same at all head or 
body positions. In patients who received immediate 
complete dentures, Tallgren et al6 determined that 
changes in the mandibular inclination due to reabsorp-
tion of the bone ridges were accompanied by changes 
in the craniocervical posture. Mohl4 suggested that a 
change in head posture will alter the habitual closing 

path form rest position to maximum intercuspation. 
He also stated that “head posture is the condition that 
appears to have the most immediate effect upon postural 
rest position”. With the use of wax registration, both 
Schwaz and Posselt5 have shown that tooth contacts 
are different when a subject closes with head posture 
altered as compared to the head upright position.

 To demonstrate the principle of head-neck backward 
bending causing a posterior muscle contact position 
(MCP) and forward bending causing and anterior 
MCP, one needs only to perform a simple test. While 
lightly tapping the teeth (2-3 taps per second) with 
the patient sitting or standing, one can easily detect a 
change in contact pattern as the head-neck is moved 
from neutral to backward bending and from neutral 
to forward bending.7 Makodsky and Sexton8 using a 
T-scan, recorded dental contacts of patients who had 
undergone a surgical fusion of the craniovertebral 
region which prevented them from making normal 
movements. The recording of the dental contacts that 
was obtained from these patients were different from 
those of the control group. Yamaguchi9 demonstrated 
that the unstable forces induced by abnormal posture 
were correlated with the varieties of malocclusion.

 In a study conducted by Adamidis and Spyropu-
los10, the position and inclination of hyoid bone were 
evaluated. It showed that Class III patients had a 
more anterior position of the hyoid bone. Martensmeier 
(1992)11 showed that before treatment nearly half of 
the Class I and Class II patients had a marked cervi-
cal lordosis, whereas Class III patients had abnormal 
kyphosis. Later on, Nobili and Adversi,12 in a group of 
50 patients, found that patients with Cl II exhibited 
an anteriorly displaced posture, while Class III mal-
occlusion subjects exhibited a posteriorly displaced 
posture. The consensus of most studies4,5,13 is that 
initial tooth contacts are more retruded when the head 
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is positioned in backward bending, or when the subject 
is supine.1,14-16 Ramfjord and Ash17 stated that initial 
contact will depend on posture. To the contrary, there 
is no evidence that body position or head posture can 
alter such structural relationship as tooth position in 
maximum intercuspation1,5,8,13,15 or the vertical dimen-
sion of occlusion.18

 The correlation between class II occlusion and for-
ward head posture is well established.19 Rocabado et al20 
states that “there is a dynamic relationship between 
head posture and dental occlusion”. It has been found 
that mandibular retrognathia is significantly associated 
with an extension of the head over the cervical spine, 
which is always present in forward head posture.19 
In 1981 Macrotte21 discovered a direct relationship 
between head posture and dento-facial dimensions, 
observing that patients with a concave profile show a 
greater tendency to keep their heads bent towards the 
ground, whereas patients with a distal relationship and 
a convex profile tended to keep their heads upwards. 
Southard et al22 discovered that the intensity of occlusal 
contacts in segments varied according to posture which 
was less significant in supine subjects than in standing 
subjects. Southard suggested that postural effect on 
contact intensity should be taken into consideration 
in fixed prosthesis or dental restorations.12 Hellsing 
and Hagberg23 examined the bite force relationship to 
head posture, reporting a sample mean of 271.6 New-
ton in natural head posture and 321.5 Newton with 
20 degrees extension. Other studies showed no head 
posture relationship with bite force in children24 and 
young adults.25

b. Vertical Dimension
 In 1980, Vig et al26 showed adaptation in head pos-
ture to total nasal obstruction among other conditions. 
Total nasal obstruction is seen to facilitate a progressive 
extension of the head reaching a peak at one to one 
and one-half hours after the stimulus began. A jaw 
opening of 5 to 10 mm can facilitate a mean change of 
4.3 degrees of extension at the end of one hour. Daly et 
al27 demonstrated that an 8mm of jaw separation is in 
association with a statistically significant alteration of 
head posture. There is an extension of the head after 
one hour of bite opening in 90% of the subjects studied 
with a range varying from 0.3 to 9.0 degrees. Ayub et 
al28 have observed the change in vertical dimension in 
an edentulous 48-year old female before and after the 
physical therapy correction of a forward head posture. 
The vertical dimension changed from 59mm to 66.5 
mm after one month following physical therapy. This 
study supports the clinical observation of a decrease 
in the resting vertical dimension of the mandible with 
forward head posture. Root et al29 studied the effect of an 
intraoral splint on head and neck posture. They found 
no significant changes in head and neck posture with 
an increase in vertical dimension of occlusion (VDO). 
However, the insertion time in this study was limited 
(8 minutes).30 It was emphasized elsewhere that the 
vertical occlusal dimension and the mandibular posi-

tion must be taken into account regarding the cervical 
spine.31 Moya et al32 when treating patients with spasm 
of the sternocleidomatoid and trapezius muscles by 
means of an occlusal splint of 4.0 to 5.5mm thickness, 
demonstrated that the increase of the vertical occlusal 
dimension generates a significant craniocervical exten-
sion and decrease of the lordosis in the cervical spine.
 Salonen et al31 found a significant relationship be-
tween head posture and physiological freeway space in 
complete denture patients. Goldstein et al,33 by using 
kinesiograph, determined that the forward head posi-
tion was accompanied by a change in the mandibular 
postural position (MPP) that manifested itself as a 
significant decrease of the physiological freeway space 
as a result of upward and backward displacement of 
the mandible.19 However, another study34 that exam-
ined 13 edentulous adults revealed no significance 
difference between preferred vertical dimension of 
occlusion when the subjects were sitting upright and 
when in supine position. Brill et al35 discussed how 
mandibular rest position can be altered by changes in 
head position. When there is extension of the head on 
the cervical spine, the mandible moves away from the 
maxilla increasing the freeway space.
BODY POSTURE AND OCCLUSION
 The research on body position and occlusion is also 
worth noting. Robinson claimed to induce changes in 
the temporalis muscle firing sequences by placing a 
one and one-half inch object under the heel of one foot 
of studied subject.4 In the supine position the MCP is 
consistently retruded.1,14-16 According to McLean et al, 
mandibular position is affected by the position of the 
body in space through the activity of neuromuscular 
mechanisms.15 Tripodakis et al36 demonstrated that the 
location and reproducibility of centric occlusion were 
not affected by body posture or the insertion of the 
mandibular positioning device. But they showed that 
the location and reproducibility of NM were slightly 
affected by body posture and greatly affected by the 
insertion of the mandibular positioning device. In the 
supine position a more posterior NM was obtained. 
Another recent study by Perinetti37 showed a correla-
tion between postural changes and intercuspidation 
position. With a different testing method, Milani et al38 
also showed that altering dental occlusion by wearing 
an oral appliance could induce some fluctuations in 
dynamic postural attitude.
 Bracco et al39 using a digital platform in a group 
of 20 patients showed a relationship between body 
posture and mandibular position. All the subjects 
analyzed demonstrated variations in body posture as 
a consequence of alteration in mandibular position. 
They stated that the basis for the observed postural 
improvement observed in myocentric position are 
associated balanced muscles and not the different 
dental contacts. Bracco et al40 using a computerized 
footboard, in a sample of 95 subjects, demonstrated 
that all subjects showed variations of body posture in 
the different mandibular positions. They found that 
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the myocentric position improved postural balance on 
frontal plane with respect to the other jaw positions 
considered. However, Ferrario et al41 studied the center 
of foot pressure in 30 women, and their results indicated 
that the modification of foot-center of pressure were not 
influenced by asymmetric malocclusion nor by different 
dental positions. Given the lower age of studied group 
(mean of 21 years), the lack of association achieved can 
be due to subjects’ structural resiliency and extended 
functional adaptability.

FUNCTIONAL ASPECTS OF POSTURE

 Morphology, function, and posture were shown to 
be closely interrelated and influence each other.9 It 
is well established that head-neck backward bending 
increases the electromyographic (EMG) activity of 
the masticatory elevator muscles, especially the tem-
poralis muscle.2,42,43 The possible mechanism for this 
includes tonic neck reflex,43 role of gravity,14,15 and body 
position.8,15 Funakoshi and Fujita42 determined that 
the craniocervical dorsoextension produced a greater 
muscular activity in temporal muscle and a moderate 
increase in the masseter muscle. The forward head 
position is characterized by a dorsoextension of the 
head together with the upper cervical spine ( C1-C3), 
accompanied by flexion of the lower cervical spine (C4-
C7), whereby the cervical curvature is increased.19, 42 
Using finite element analysis, Motoyoshi et al44 showed 
that in case of backward inclined posture, the high level 
stresses were observed at the spinous processes of C6 
and C7, while in case of forward inclined posture the 
stresses were at C4.

 Boyd et al2 demonstrated that cervical extension 
leads to increased muscle activity in anterior temporalis 
and decreased activity in middle masseter and anterior 
digastric. Cervical flexion, however, has been shown 
to decrease muscle activity in temporalis. Hairston et 
al45 showed that the lateral pterygoid musculature 
showed an almost linear increase in baseline myoelectric 
activity as the subject moved through the semireclined 
position into the fully reclined position. Their data 
demonstrated that the pterygoid musculature plays a 
vital role in preventing passive mandibular retrusion 
and would thus aid in maintaining mandibular postural 
relationships with the maxillae and temporal bones. 
Solow and Keriborg46 presented a mechanism where 
the obstruction of the upper air way would lead to an 
increase in craniocervical angulation to ease breathing. 
Solow et al47 showed that obstructed nasopharyngeal 
airways are usually seen in connection with a large 
craniocervical angle, a small mandibular dimensions, 
mandibular retrognathism, a large mandibular incli-
nation, and retroclination of the upper incisors.

POSTURE AND GROWTH/DEVELOPMENT

 The head postured in a more forward position, 
would stretch the soft facial tissue layer covering the 
face and neck, especially the suprahyoid muscles.48 
The downward and backward strength component 
produced by the tension of the soft tissues on the man-

dible, would restrict or redirect the facial development 
into a more caudal direction in addition to retrusion 
of the mandible.49,50 These changes are characterized 
by individuals with dolichofaical features, a Class II 
skeletal frame, and great divergence in their maxillary 
bases.51,52 The adoption of FHP during the growth and 
development period of individuals can not only generate 
occlusal discrepancies and an altered neuromuscular 
activity, but also may cause heavy structural and func-
tional disorders of the TMJ, all of which predisposes 
to develop craniomandibular dysfunction.19 Kraus53 
reviewed the effect of head posture on the development 
of the mandible and concluded that a high correlation 
exists between an extended head-neck posture and the 
development of a retrognathic mandibular posture. 
Solow and Tallgren54 could determine through a cross 
study using cephalometry, that the extension of the 
head on the cervical spine is associated with a signifi-
cant mandibular retrusion. Later, they confirmed this 
finding by longitudinal studies55,56 and found that the 
craniocervical extension correlates significantly with 
a facial growth pattern of vertical type. It becomes 
evident that the head posture deeply influences the 
facial growth direction. The craniocervical angulation 
determines an anterior and posterior rotational growth 
of the jaw, which in turn depends on the head showing 
ventroflexion or a dorsoextension respectively.19

PROPOSED THEORIES ON POSTURE/OCCLU-
SION INTERACTION

 The cervical spine presents a slight curvature that 
is concave in the back, also known as physiological lor-
dosis. It follows that the posterior cervical muscles must 
have a constant muscular tonus to prevent the head 
from falling back. The head is able to be maintained 
in this position through different mechanisms.19 These 
mechanisms include peripheral or central nervous 
system. Ocular system, proprioceptive system, and 
interceptors informing the airflow adequacy are all 
examples of peripheral systems.19 When neuromuscular 
systems (peripheral and central) have fail to achieve 
and maintain a straight postural position, the cranio-
cervical posture most commonly adopted by patients 
is forward head posture.19 It is postulated that a tooth 
interference activates the periodontal mechanorecep-
tors, which are capable of changing the habitual closing 
pathway of the mandible into centric occlusion.17,18 This 
is an attempt by the body to eliminate the interference. 
It is also possible, although not well researched, that 
activation of the periodontal mechanoreceptors is able 
to affect changes in head-neck muscle function and 
thereby produce changes in head posture.29

 With the exception of practitioners of cranial manip-
ulative therapy who assert that muscle contact position 
(MCP) can be altered by small intracranial movements 
of the maxilla and/or temporal bones,57,58 theories on 
the influence of head posture on MCP deal exclusively 
with the changes in mandibular position.2,4,5,8,13-15,42,43,53 
Mohamed1 states that neck dorsiflexion (backward 
bending) causes the mandible to move away from the 
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maxilla with resultant retrusion/depression of the 
mandible, while in ventroflexion (forward bending) the 
opposite occurs. Other researchers attribute the influ-
ence of head-neck backward bending on the mandible 
i.e. downward and backward movement to increased 
inframandibular soft tissue tension (supra/ infrahyoid 
muscles and fascia). This retrusive force is one attempt 
to explain the posterior occlusal contacts observed with 
the head-neck backward bent.4,5,13 Another theory linked 
the head-neck backward bending effect to the activity 
of temporalis muscle. As the head-neck adopt a back-
ward posture, increased EMG activity illustrates the 
elevation forces that direct the mandible into retrusion 
position accounting for initial occlusal contact that is 
posterior to the intercuspal position.7,53

 The sliding theory:7 It suggests that changes in 
head posture are able to produce a change in MCP by 
altering the position of the maxillary teeth relative to 
the mandibular teeth. This theory applies only to a 
change in initial occlusal contacts and not to maximum 
intercuspation, which is a structural position and is 
therefore not affected by head posture.1,5 8,13,15 To ap-
preciate how maxillary occlusal position is altered by 
changes in head posture, a review of occipito-atlantal 
(O-A) joint arthrokinematics (intimate joint mechanics) 
and synovial joint mechanics is helpful.8 Kapandji59 
states that in extension or backward bending of the 
cranium, the occipital condyles slide anteriorly on the 
lateral masses of the atlas (C-1). When a convex joint 
surface moves on a concave surface, the rotary move-
ment or roll and the translatory movement or slide 
occur in opposite directions simultaneously.60 When 
the occiput bends backward, the convex occipital con-
dyles simultaneously slide anteriorly on the concave 
atlas, and vice versa.7,59,61 Steindler61 stated that the 
total excursion of the convex occipital condyles on the 
lateral masses of atlas is 10mm. This 10mm slide in the 
joint is associated with a total rotary range of motion 
of 24.5° with 21° in O-A backward bending and 3.5° in 
forward bending.62 When the cranium slides forward 
on the atlas during backward bending the maxillary 
teeth also slide forward relative to the mandibular 
teeth. Consequently, the MCP shifts posterior to the 
intercuspal position.63,64 However, as the teeth assume 
maximum intercuspation, the maxillary teeth will 
guide the mandible forward (through the cusp-fossa 
relationships). Ideally with the head in neutral, or-
thostatic posture65 and the teeth free of interferences, 
MCP will be in direct alignment with the intercuspal 
position.1,7,66 As the vertical dimension is increased with 
an intra oral appliance, as an example, the mandible 
will be displaced downward which in turn releases sup-
rahyoid musculature. The hyoid bone, now free from its 
suspensory pull, drops back, reducing the pharyngeal 
airway.30 To compensate for this, the head assumes a 
more extended posture which would move the hyoid bone 
passively forward by stretching the suprahyoid mus-
culature thus maintaining the potency of the airway.27 
Kraus53 in his book “TMJ Disorders” advises that “as 
VDO increases, the head is placed in an extended po-

sition thereby influencing the tonic neck reflex (TNR)”. 
When the head balance is upset, the horizontal position 
of the head is first restored by vestibular action on 
the neck muscle. From such an extended position, the 
TNR, in conjunction with ocular and vestibular system, 
will attempt to bring the eyes level. The eyes may be 
brought level by the head adjusting to a more upright 
position or by the head adjusting to a greater forward 
head posture. Urbanowicz30 believed that head and 
neck posture response to a change in VDO is dependent 
on the degree of cervical spine dysfunction already 
present in the individual. In case of mouth breathing 
(presence of adenoids as example), the mandible has to 
be lowered. This produces a decrease of the tension of 
the suprahyoid muscles. The hyoid bone is freed and is 
allowed to fall downward and backward, reducing the 
pharyngeal air passage. Consequently, the head has to 
assume a farther forward and more extended position 
to passively move the hyoid bone forward and upward 
by tensioning the suprahyoid musculatures.19

 Clinical tests: One test is to compare the amount 
of cranial backward bending present with the TMJ in 
neutral and in retrusion. With a lateral radiograph, the 
space between the occiput and the posterior arch of atlas 
(A-O space) is measured in head-neck backward bending 
and then following passive mandibular retrusion. Head 
backward bending is essentially blocked if the mandible 
is retruded beforehand. This is because the cranium 
is unable to slide forward on the atlas secondary to a 
bony stop between the posterior temporal fossa and the 
posterior aspect of the mandibular condyle.7 A second 
simple test7 is to compare passive mandibular retrusion 
with the head first backward bent, then in neutral, and 
lastly in forward bending. With the head in backward 
bending, retrusion of the mandible is blocked as the 
condyle abuts the temporal bone, where in head for-
ward bending, it is free to retrude even more so than 
in neutral. This is because of the increased posterior 
TMJ space created by a posterior slide of the cranium 
during forward bending.

CLINICAL IMPLICATIONS AND
CONCLUSIONS

 The fatigue that TMJ patients so often complain 
of can be attributed, in part, to the effect of gravity 
on forward head posture, which causes an increase in 
forward tension creating a compressive force on soft 
tissues, apophyseal joints, and posterior surfaces of 
vertebral bodies with excessive lengthening of anterior 
neck flexors and tightening of neck extensors.30 TMJ 
fatigue can been seen also in cases with shorting of 
suboccipital and suprahyoid muscles with subsequent 
elevation of the hyoid bone itself.28 Urbanowicz30 illus-
trated 10-points physical therapy plan for negating 
the postural effects of increasing vertical dimension 
and forward head posture. Usually, many patients 
experience a reduction of the TMD symptoms after 
an increase in the VDO. Dentists should be cognizant 
of the fact that the head and neck may not be able to 
adapt to even a minimum change in VDO if cervical 
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spine dysfunction exists.53

 Understanding the sliding cranium theory will 
help explain the link between temporomandibular 
joint dysfunction and the physical therapy effects in 
the management of TMD cases.8 For example a case 
has been reported8 about a patient with forward head 
posture (FHP) who received an anterior repositioning 
splint to manage an anterior TMJ disc displacement 
with reduction. The patient responded well to splint 
intervention, but developed suboccipital pain. Con-
versely, in a second scenario, a patient with head-neck 
dysfunction responded well to physical therapy pro-
cedures including a correction of FHP, but developed 
facial pain.8 In the first case, as the splint repositioned 
the mandible anteriorly and inferiorly, the cranium 
also hypothetically attempted to a forward bend on the 
atlas. Provided that a patient has a long-standing FHP, 
as the cranium attempts to rotate in a forward direc-
tion (downward) and the occipital condyles backward, 
the patient will have a suboccipital pain due to the 
limited ability of the occipital condyles (joint capsule, 
musculature, connective tissue, etc.). In the second 
scenario, patients usually has a class II malocclusion.67 
Physical therapy in these cases aims to help the patient 
approaching an orthostatic head-neck posture,64,65 in 
which the occipital condyles moved to a more posterior 
position on the atlas. Because of that, the maxillary 
teeth and temporal fossae also move posteriorly rela-
tive to the mandible. As a result, an anterior MCP is 
created (the lower dentition slides anteriorly) causing 
a pseudomalocclusion or interference pattern each 
time patient’s teeth came into contact.8 Over a period 
of time, the patient’s adaptive potential is exceeded 
and symptoms of TMJ/facial pain ensued.66

 Makofsky8 recommended that repositioning therapy 
should await the correction of head-neck dysfunction. 
Once the head posture is corrected, or at least improved, 
then mandibular repositioning will be more easily 
tolerated by the patient and a more superior result 
obtained. It appears; therefore that physical therapist 
and dentist are dependent on each other for successful 
patient treatment.30 Kondo and Aoba68 based on a com-
plex case report, stated that early occlusal improvement 
combined with orthopedic surgery of the neck muscles 
or physiotherapy to achieve muscular balance of the 
neck and masticatory muscles, was found to be effective. 
Thus, assessing and managing cases with TMD and 
myogenic cervical/ facial pain can be better dealt with 
a holistic approach where orofacial and cervical signs 
and symptoms are addressed and sequentially targeted. 
Whenever needed, involving physical therapist to the 
therapy team should render case stabilization with 
improved prognosis.

SUMMARY

 Head posture and dental occlusion are crosslinked 
structurally and functionally. Spanning from earlier 
stages of growth to daily body orientations, multiple the-
ories illustrated such relationship through mechanical 

and sensory mechanisms with different applications. 
It is therefore beneficial to consider the interaction 
between occlusal relationship, cervical condition, and 
head posture/ musculature. Doing so is further empha-
sized in the management of cases with chronic orofacial 
pain, TMD, and advanced oral rehabilitation.

REFERENCES
1 Mohamed SE, Christensen LV. Mandibular reference positions. 

J Oral Rehabil. 1985;12(4):355-67.

2 Boyd CH, Slagle WF, Macboyd C, Bryant RW, Wiygul JP. The 
effect of head position on electromyographic evaluations of 
representative mandibular positioning muscle groups. Cranio. 
1987;5(1):50-54.

3 Brodie AG. Anatomy and physiology of head and neck muscu-
lature. Am J Orthod. 1950;36(11):831-40.

4 Mohl ND. Head posture and its role in occlusion. N Y State 
Dent J. 1976;42(1):17-23.

5 Posselt U. Studies on the mobility of the human mandible: Acta 
Odontol Scand; 1952. 160 p.

6 Tallgren A, Lang BR, Walker GF, Ash MM. Changes in jaw 
relations, hyoid position, and head posture in complete denture 
wearers. J Prosthet Dent. 1983;50(2):148-56.

7 Makofsky H. The effect of head posture on muscle contact 
position: the sliding cranium theory. Cranio. 1989;7(4):286-92.

8 Mykofsky H, Sexton T. The effect of craniovertbral fusion on 
occlusion. Cranio. 1994;12(1):38-46.

9 Yamaguchi H. Malocclusion associated with abnormal posture. 
Bull Tokyo Dent Coll. 2003;44(2):43-54.

10 Adamidis IP, Spyropulos MN. Hyoid bone position and ori-
entation in Class I and Class III malocclusios. Am J Orthod 
Dentofacial Orthop. 1992;101:308-12.

11 Mertensmeier I, Diedrich P. The relationship between cervi-
cal spinal posture and bite anomalies. Fortschr Kieferorthop. 
1992;53(1):26-32.

12 Nobili A, Adversi R. Relationship between posture and oc-
clusion: a clinical and experimental investigation. Cranio. 
1996;14(4):274-85.

13 Mohl ND. The role of head posture in mandibular function. 
In: Solberg WK, Clark GT, editors. Abnormal Jaw Mechanics 
Diagnosis and Treatment. Quintessence. Chicago: Quintessence 
Pub; 1984.

14 Lund P, Nishiyama T, Moller E. Postural activity in the muscles 
of mastication with the subject upright, inclined, and supine. 
Scand J Dent Res. 1970;78(5):417-24.

15 McLean LF, Berman HS, Friedman GF. Effects of changing body 
position on dental occlusion. J Dent Res. 1973;52(5):1041-45.

16 Eberle WE. A study of centric relation as recorded in a supine 
rest position. JADA. 1951;42(1):15-26.

17 Ramfjord SP, Ash MM. Occlusion. Philadelphia: WB Saunders 
Co.; 1971. 427 p.

18 Araki NG, Araki CT. Head angulation and variations in the 
maxillomandibular relationship. Part I: The effects on the verti-
cal dimension of occlusion. J Prosthet Dent. 1987;58(1):96-100.

19 Gonzalez HE, Manns A. Forward head posture: its structural 
and functional influence on the stomatognathic system, a con-
ceptual study. Cranio. 1996;14(1):71-80.

20 Rocabado M, Johnston BE, Blakney MG. Physical threapy and 
dentistry: An overview. J Craniomandib Pract. 1982;1(1):46-49.



588Pakistan Oral & Dental Journal Vol 37, No. 4 (October-December 2017)

The impact of postural changes on dental occlusion

21 Macrotte MR. Head posture and dentofacial proportion. Angle 
Orthod. 1981;51(3):208-13.

22 Southard TE, Southard KA, Tolley EA. Variation of approxi-
mal tooth contact tightness with postural change. J Dent Res. 
1990;69(11):1776-79.

23 Hellsing E, Hagberg C. Changes in maximum bite force related 
to extension of the head. Eur J Orthod. 1990;12(2):148-53.

24 Sonnesen L, Bakke M. Molar bite force in relation to occlusion, 
craniofacial dimensions, and head posture in pre-orthodontic 
children. Eur J Orthod. 2005;27(1):58-63.

25 Kovero O, Hurmerinta K, Zepa I, Huggare J, Nissinen M, et al. 
Maximal bite force and its associations with spinal posture and 
craniofacial morphology in young adults. Acta Odontol Scand. 
2002;60(6):365-69.

26 Vig PS, Showfety KJ, Philllips C. Experimental manipulation 
of head posture. Am J Orthod. 1980;77(3):258-68.

27 Daly P, Preston CB, Evans WG. Postural response of the head 
to bite opening in adult males. Am J Orthod. 1982;82(2):157-60.

28 Ayub E, Glasheen-Wray M, Kraus S. Head posture: A case study 
of the effects on the rest position of the mandible. J Orthop 
Sports Phys Ther. 1984;5(4):179-83.

29 Root GR, Kraus SL, Razook SJ, Samson GS. Effect of an intraoral 
splint on head and neck posture. J Prosthet Dent. 1987;58(1): 
90-95.

30 Urbanowicz M. Alteration of vertical dimension and its effect 
on head and neck posture. Cranio. 1991;9(2):174-79.

31 Salonen MA, Raustia AM, Huggare J, Smith S. Discussion. 
Head and cervical spine postures in complete denture wearers. 
Cranio. 1993;11(1):34-35.

32 Moya H, Miralles R, Zuñiga C, Carvajal R, Rocabado M, et 
al. Influences of stabilization occlusal splint on craniocervical 
relationshis. Part I: Cephalometrical analysis. J Craniomandib 
Pract. 1994;12(1):47-51.

33 Goldstein DF, Kraus SL, William WB, Glasheen-Wray M. Influ-
ence of cervical posture on mandibular movement. J Prosthet 
Dent. 1984;52(3):421-26.

34 Wright SM. The effect of body posture on the preferred vertical 
dimension of occlusion. J Oral Rehabil. 1984;11(5):467-76.

35 Brill N, Lammie GA, Osborne J, Perry HT. Mandibular position 
and mandibular movements. Brit D J. 1959;106(26):391-400.

36 Tripodakis AP, Smulow JB, Mehta NR, Clark RE. Clinical study 
of location and reproducibility of three mandibular positions in 
relation to body posture and muscle function. J Prosthet Dent. 
1995;73(2):190-98.

37 Perinetti G. Dental occlusion and body posture: No detectable 
correlation. Gait Posture. 2005;24(2):165-68.

38 Milani RS, Periere DD, Lapeyre L, Pourreyron L. Relationship 
between dental occlusion and posture. Cranio. 2000;18(2): 
127-34.

39 Bracco P, Deregibus A, Piscetta R, Ferrario G. Observations on 
the correlation between posture and jaw position: a pilot study. 
Cranio. 1998;16(4):252-58.

40 Bracco P, Deregibus A, Piscetta R. Effects of different jaw re-
lations on postural stability in human subjects. Neurosci Lett. 
2004;356(3):228-30.

41 Ferrario VF, Sforza C, Schmitz JH, Taroni A. Occlusion and 
center of foot pressure variation: is there a relationship? J 
Prosthet Dent. 1996;76(3):302-08.

42 Funakoshi M, Fujita N, Tekehana S. Relations between occlusal 
interference and jaw muscles in response to changes in head 
position. J Dent Res. 1976;55(4):684-90.

43 Bratzlavsky M, ., VanderEcken H. Postural reflexes in cranial 
muscles in man. Acta Neurol Belg. 1977;77(1):5-11.

44 Motoyoshi M, Shimazaki T, Sugai T, Namura S. Biomechanical 
influences of head posture on occlusion: an experimental study 
using finite element analysis. Eur J Orthod. 2002;24(4):319-26.

45 Hairston LE, Blanton PL. An electromyographic study of 
mandibular position in response to changes in body position. J 
Prosthet Dent. 1983;49(2):271-75.

46 Solow B, Kreiborg S. Soft-tissue stretching: a possible con-
trol factor in craniofacial morphogenesis. Scand J Dent Res. 
1977;85(6):505-07.

47 Solow B. Airway adequacy, head posture, and craniofacial 
morphology. Am J Orthod. 1984;86(3):214-23.

48 Milidonis MK, Kraus SL, L. SR, G. WC. Genioglossi muscle 
activity in reponse to changes in anterior/ neutral head posture. 
Am J Orthod. 1993;103(1):39-44.

49 Yemm R, Berry DC. Passive control in mandibular rest position. 
J Dent Res. 1969;22(1):30.

50 Dombrady L. Investigation into the transient instability of the 
rest position. J Prosthet Dent. 1966;16(3):479-90.

51 Enlow DH. Crecimiento Maxilofacial 6th ed. Columbus: Ed 
Interamericana McGraw-Hill; 1992. 201-29 p.

52 Ricketts RM. Rispiratory obstruction syndrome. Am J Orthod. 
1968;54(7):495-503.

53 Kraus SL. TMJ Disorders Management of the Craniomandibular 
Complex. New York: Churchill Livingstone; 1988.

54 Solow B, Tallgren A. Head posture and craniofacial morphology. 
Am J Phys Anthrop. 1976;44(3):417-36.

55 Solow B, Siersbaeck-Nielsen S. Growth changes in head 
posture related to craniofacial development. Am J Orthod. 
1986;89(2):132-40.

56 Solow B, Siersbaeck-Nielsen S. Cervical and craniocervical 
posturea as predictors of craniofacial growth. Am J Orthod. 
1992;101(5):449-58.

57 Libin BM. The cranial mechanism: its relationship to cranio-
mandibular function. J Prosthet Dent. 1987;58(5):632-38.

58 Frymann VM. Cranial osteopathy and its role in disorders of 
the temporomandibular joint. Dent Clin North Am. 1983;27(3): 
595-611.

59 Kapandji IA. The Physiology of the Joints: The Trunk and the 
Vertebral Column, Volume 3. 2nd ed. Edinburgh: Churchill 
Livingstone; 1974. 256 p.

60 William PL, Warwick R. Gray's Anatomy. 36th ed. Edinburgh: 
Churchill Livingstone; 1980.

61 Steindler A. Kinesiology of the Human Body Under Normal and 
Pathological Conditions. Illinois: Charles C Thomas; 1955.

62 Panjabi M, Dvorak J, Yamamoto I, Graber M, Rauschning W, 
et al. Three dimensional movements of the upper cervical spine. 
Spine. 1988;13(7):726-30.

63 Pruzansky S. The control of the posture of the mandible during 
rotation of the head( Abstr No. 129). J Dent Res. 1955;34:720.

64 Rocabado M. Diagnosis and treatment of abnormal craniocervical 
and craniomandibular mechanics. In: Solberg WK, Clark GT, 
editors. Abnormal Jaw Mechanics Diagnosis and Treatment. 
Chicago: Quintessence; 1984.

65 Rocabado M. Arthrokinetics of the temporomandibualr joints. 
Dent Clin North Am. 1983;27(3):573-94.

66 Kraus SL. Influences of the cervical spine on the stomatognathic 
system. In: Donatelli R, Wooden MJ, editors. Orthopedic physical 
threapy. New York: Churchill Livingston; 1989.

67 Solow B, Tallgren A. Dentoalveolar morphology in relation to 
craniocervical posture. Angle Orthod. 1977;47(3):157-63.

68 Kondo E, Aoba TJ. Case report of malocclusion with abnormal 
head posture and TMJ symptoms. Am J Orthod Dentofacial 
Orthop. 1999;116(5):481-93.


