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ABSTRACT

Mandibular prognathism is a gnathic defect that causes severe
dysfunction of the stomatognathic system.

The aim of the study was to describe the compensatory mech-
anisms in the anatomical structure of the historical skull of
a woman with severe mandibular prognathism, from the ‘Kuro-
nia’ collection from the former 19th-century cemeteries of the
Evangelical-Reformed Parish and the Evangelical-Augsburg
Parish of St. Mary Magdalene in Wroctaw.

The compensatory changes in the anatomical structure of the
skull, mainly affecting the alveolar part of the mandible and the

INTRODUCTION

Prognathism occurred in fossil forms of hominids and in early
forms of Homo but as a result of the evolutionary reconstruc-
tion of the facial part of the skull, the mandible and maxilla
were retracted and in modern humans they are only slightly
protruded anteriorly.

The stomatognathic system is a morphological and func-
tional set of interacting tissues and organs of the oral cavity
and the facial part of the skull that form a functional whole,
controlled by the central nervous system. This dynamic system
performs very important functions in the human body, such
as chewing and initial digestion of food, swallowing, speak-
ing, breathing, and maintaining posture. The postural func-
tion is achieved through the head’s reactivity to signals from
receptors and horizontal tracking through the dynamic con-
nection between the skull, cervical vertebrae, clavicles, ster-
num, mandible and hyoid bone. The stomatognathic system
also plays an important role in the expression of emotions
through the mobility of mimic muscles and, importantly, in the
alleviation of psychosomatic disorders through the function
of teeth clenching and the activity of masticatory muscles in
stressful situations known as bruxism. The stomatognathic
system is also responsible for facial aesthetics. The effective
implementation of these functions is determined not only by
the activity of the temporomandibular joints and the entire
neuromuscular system, but above all by occlusion, i.e. the inter-
dental contacts of the teeth in the maxilla and mandible. The
correct contact of the opposing teeth has a significant effect
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maxillary alveolar processes, were probably aimed at achieving
functionally efficient interdental contacts in the upper and lower
arches. Due to edentulism, it was not possible to describe the
exact position of the teeth. However, from the preserved alveolar
bone structures it was possible to approximate the axes of their
inclination. The analysis of the defects of the stomatognathic
system in historical populations can enrich the study of their
biological condition, constituting a rich source of information
on their lifestyle and nutrition.

Keywords: edentulism: prognathism; historical skull; com-
pensation process.

on the masticatory system and its functions [1, 2]. Mandibu-
lar prognathism is a genetically and functionally conditioned
gnathic defect that causes serious dysfunction of the mastica-
tory system, resulting in difficulties with chewing, swallowing,
breathing and articulation [3, 4, 5, 6].

Studies of skeletal material with gnathic defects rarely
address changes within the skull. In addition, although studies
on compensatory mechanisms in the masticatory system and the
influence of the living environment, diet and general condition of
the population studied provide a great deal of information, most
of them date back to the 1990s [7, 8, 9]. Interdisciplinary scientific
cooperation is expanding knowledge in this field and is making
it possible to explain the influence of the environment on the
occurrence of changes in the stomatognathic system. Research
on adaptation mechanisms in the human skeleton, especially
the skull, can provide scientifically significant information [10].

The aim of the study was to identify, describe and analyse
the effects of compensatory mechanisms on the anatomical
structure of the skull in severe mandibular prognathism. The
skull comes from the ‘Kuronia’ collection from the former cem-
eteries of the Evangelical-Reformed Parish and the Evangel-
ical-Augsburg Parish of St. Mary Magdalene in Wroclaw. The
burials took place in the period between 1862-1944.

CASE REPORT

The most characteristic feature of this skull is the dispropor-
tionate size of the maxilla and mandible. In the examined skull
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(KA1368) of a woman who died at senile age (estimated age
60-65 years) [7], significant underdevelopment of the maxilla
is clearly visible in the vertical, transverse and sagittal dimen-
sions, with the presence of a mandibular prognathism (Fig. 1, 2).
Mandibular prognathism is most often a genetically determined
gnathic defect. It can be described as both morphological and
functional as it causes severe dysfunction of the masticatory
system, associated with difficulties in chewing, swallowing,
breathing and articulation. Maxillary hypoplasia, especially
in the vertical dimension, significantly reduces the height of
the lower part of the face.

FIGURE 1. The skull from the ‘Kuronia’ collection (1862-1944) - sagittal view

FIGURE 2. Disproportion in size of maxilla and mandible in the examined
skull (KA1368) with horizontal position of foramen mentale

Excessive elongation of the mandibular body and ramus pre-
vented proper tooth contact in the opposing dental arches. The
effect of the defect was exacerbated by the narrowing of the upper
dental arch (the alveolar arch was assessed in the examined skull
due to the lack of preserved teeth) in the deficient bone bases of
the maxillary alveolar processes (Fig. 3). Therefore, for functional
reasons, there were changes referred to as compensatory changes,
which are considered in the context of joint compensation in the
temporomandibular, dentoalveolar and dental joints [1].
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FIGURE 3. Maxilla and mandibular fossa on the skull

In the described female skull, successive anatomical changes
are visible, aiming at achieving a functional occlusion. Due
to the very high severity of the gnathic defect, clear features
of all compensatory mechanisms can be observed.

In terms of joint compensation and changes in the struc-
ture of the temporomandibular joints, the presence of a large
articular surface, forming the anterior section of the mandibu-
lar fossa, was noted, almost perpendicular to the zygomatic
arch (Fig. 3).

The articular tubercle, a bulge with individually inclined
slopes, is relatively well developed. However, it can be assumed
that safe condylar movements could have taken place mainly
during rotation if the activity of the articular ligaments was
efficient. On the other hand, during translation, the condyle
may have passed over the top of the articular tubercle, causing
habitual dislocation of the mandible. Mandibular prognathism
is often associated with compression in the temporomandibular
joints, as evidenced by the flattened condyles in the described
skull. Another mechanism of individual morphological and
functional adaptation is dentoalveolar compensation [2].

Changes in the anatomical structure mainly affected the
alveolar part of the mandible and the atrophied maxillary alveo-
lar processes. The shape of the upper dental (alveolar) arch is
trapezoidal rather than elliptical. The alveolar axes, especially
of the anterior teeth, are set divergently outwards towards
the vestibule. On the other hand, the mandibular body is posi-
tioned extremely obliquely in the lingual direction so that the
upper (alveolar) edge is on the lingual side. This suggests that
the lower teeth were tilted towards the oral cavity in order
to make contact with the upper teeth. The mental foramina are
located in the horizontal plane (Fig. 2) on the external surface
of the mandibular body, which is almost horizontal in this skull.

Dental compensation is also characteristic of skeletal class
III. Due to the lack of preserved teeth (Fig. 1) in the described
skull, it is not possible to say with certainty whether the tooth
overlap was correct or reversed. However, based on the analysis
of the preserved alveoli, it is possible to approximate the long
axes and the position of the teeth. In the maxilla, the anterior
teeth were probably tilted strongly towards the vestibule in
order to widen the upper dental arch. In the mandible, however,
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they were extremely tilted lingually. This is particularly evi-
dent from the preserved alveoli of the incisors, whose long
axes are almost horizontal. The long axes of the lower anterior
teeth were not perpendicular to the mandibular abduction
axis, which may also have contributed to their loosening due
to occlusal overload and premature loss. On the other hand, in
the posterior section, the axes of the maxillary and mandibu-
lar teeth suggest the presence of crossbite, which not only can
cause unfavourable interference between the opposing teeth
during mandibular movements but is also considered to be one
of the causes of dysfunction in the temporomandibular joints.

DISCUSSION

The compensatory processes in the described adult female skull
included all 3 mechanisms: articular compensation, dento-alve-
olar compensation and dental compensation. They occurred in
all directions of cranial growth, namely transversely, vertically
and horizontally, and were aimed at achieving the best pos-
sible functional efficiency of the masticatory organ [2]. These
processes could have progressed and intensified due to the
intravital loss of subsequent teeth. The consequence of tooth
loss was the loss of bone tissue, the characteristic course of
which in the maxilla and mandible could have exacerbated
the defect [11].

Particularly noteworthy is the compensation manifested by
the developmental change in the height and inclination of the
mandibular body, the edge of which, together with the alveoli,
was positioned almost horizontally in the lingual direction.
This growth trend should influence the modification of the
occlusal relationships between the upper and lower teeth in
the sagittal plane.

Joint compensation is a characteristic tendency of skeletal
class III. It is a continuous process and can occur throughout
life because the function of the temporomandibular joint is
closely related to occlusal conditions. As the masticatory sys-
tem matures, the occlusal relationships influence the develop-
ment of the cranial bones, especially the position of the man-
dible and the function of the temporomandibular joints [12].
In the described skull, it is also likely that these processes
took place during puberty and growth and then continued due
to the loss of teeth, leading to an exacerbation of the defect.
This is due to the naturally occurring processes of character-
istic bone loss in the maxilla and mandible as a result of tooth
loss. There is an articular connection between the U-shaped
mandible and the 2 temporal bones and this is the most impor-
tant connection due to the dynamic nature of the functions of
the masticatory system. Successive connections between the
temporal, occipital, parietal and other bones allow the transfer
of large occlusal loads [13, 14].

The position of the teeth and their interrelationships are
essential for the proper functioning of the temporomandibu-
lar joints. In the described case, the change in the long axis
of the teeth to a more horizontal one probably resulted in an
excessive load on the temporomandibular joints. Therefore,
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the morphology of the condyles shows features of flattening,
which may indicate compression in the temporomandibular
joints. Occlusal forces can change the shape of the mandibular
condyle throughout life. The architecture of dental arches and
the shape of teeth are also closely related to their functions.
However, when there is a gnathic defect, nature tends to make
changes to ensure optimal function. In the described skull, the
underdevelopment of the maxillary bones and a very large
mandible did not allow correct occlusal contact between the
maxillary and mandibular teeth. As a result, the axis of the long
mandibular teeth tilted significantly in the lingual direction,
as can be seen from the preserved alveoli. In this way, complex
compensatory over the course of a lifetime resulted in some
functional capacity in terms of chewing, speaking, swallowing
and other functions of the stomatognathic system.

The formation of the elements of the human masticatory
apparatus depends on many factors, therefore the analysis of
their changes can provide a number of important clues about
the life of prehistoric and historic populations. The analysis
of bone changes in the masticatory system, which is one of the
most important elements of the digestive system, may not be
as good an indicator of living conditions and their sensitive
measurement for anthropologists and bioarchaeologists as,
e.g., body height [7]. However, if it is included in the methods
used to determine the level of pressure of environmental fac-
tors, it will enrich research and the level of analysis of changes
in the biocultural system of ancient and modern populations,
providing information on their lifestyle and nutrition.

The presented compensatory mechanisms in the skull con-
struction resulting from the prognathic growth of the mandi-
ble in a woman from the studied skeletal population ‘Kuronia’
showed the validity of interdisciplinary research aimed at the
reconstruction of the biological condition of a 19th-century
Wroctaw inhabitant. As a result of edentulism, probable tem-
poromandibular joint dysfunction and reconstruction of the
mandibular body, the process of food intake was disturbed,
which could have resulted in vitamin and mineral deficiencies,
gastric problems and problems with clear phonation, as well
as possible chewing problems and pain radiating to the tem-
ples, occiput and nape of the neck. In addition, the increased
load on the temporomandibular joints and the position of the
head forced by the size and weight of the mandible may have
influenced degenerative changes and dysfunction of the atlan-
tooccipital joint. Studies in a contemporary comparison group
confirm that the symptoms may have been similar in histori-
cal populations [10].

CONCLUSION

All 3 mechanisms of compensation for the gnathic defect, aimed
at obtaining better conditions for the performance of the func-
tions of the masticatory system, occurred in the preserved skull.
It was particularly important to obtain functionally efficient
interdental contacts.
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