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article info

abstract

Article history:

The articular-eminence inclination is an important element in the biomechanics of the

Accepted 23 May 2012

temporomandibular joint and the entire masticatory system; however, very little is known
about this inclination in archaeological human populations. Therefore, the aim of this study
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was to determine the values of, in addition to the differences between, the articular-

Articular-eminence

eminence inclination in medieval and contemporary human populations.
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Temporomandibular joint

The study was carried out on two dry skull groups. The first group consisted of 14 dry
skulls from the medieval culture group Bijelo Brdo (BB) of East Croatia, and the other

Medieval

consisted of 137 recent dry skulls from the osteologic collection of the Institute of Anatomy

Croatia

(IA) in Zagreb. All BB skulls were dentulous, whereas the IA skulls were divided into
dentulous and edentulous groups. The articular-eminence inclination was measured in
relation to the Frankfurt horizontal plane on digital images of the skull’s two lateral views
using AutoCAD computer software.
The mean value of the articular-eminence inclination in the BB sample group (49.578) was
lower, with a statistical significance ( p < 0.01), than those of the IA dentulous (61.568), the IA
edentulous (62.548), and all the combined IA (61.998) specimens.
Because the values of the articular-eminence inclination can vary a lot with reference to
the number of specimens and the different methods used for measuring, the obtained
values yield only orientational information. Further investigations including a larger number of medieval specimens are needed to confirm the results obtained from this study.
# 2012 Elsevier Ltd. All rights reserved.

1.

Introduction

The temporomandibular joint is one of the most complex
joints in the human body. It is an integrative component of the
masticatory apparatus, in addition to being a part of the
basicranium.1 It allows a large range of mandibular movements and the transmission of forces and loads on to the skull
base. The osseous parts of the temporomandibular joint

(mandibular fossa and articular eminence of the temporal
bone and the mandibular condyle), in addition to other
factors,2 exert important influence on the magnitude of the
lower jaw’s movements.3 The roof of the fossa glenoidalis is
very thin, whereas the articular eminence is made up of thick
and dense bone, which is suitable for loadbearing.4
For many years, the human temporomandibular joint and
its parts have been the subject of extensive investigation and
controversy.5 The anatomical morphology of the skeletal
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Tel.: +385 1 2864 248.
E-mail address: jkranjcic@gmail.com (J. Kranjčić).
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structures of the temporomandibular joint undergoes remodelling throughout life.6 Its functional morphology depends
not only on the mechanical properties of the craniofacial
skeleton but also on the morphological changes of the cranial
base during ontogeny and hominid evolution.1 The in vivo
responses of the temporomandibular components depends on
numerous factors, such as changes in dentition associated
with ageing (tooth loss, attrition, and/or increased function),
degenerative changes of the condylar head and glenoid fossa,
masticatory stress, and craniofacial growth. In addition, some
authors have investigated the possible association of the
temporomandibular joint with gender and ethnicity1,7–9 and
the relationship between the fossa and the eminence in
relation to the facial structures.2
An important element in the biomechanics of temporomandibular joint and the entire masticatory system is the
articular-eminence inclination. The inclination is defined as
an angle formed by the posterior wall of the articular
eminence and the Frankfurt horizontal plane, or any other
horizontal plane, such as the occlusal or palatal plane.8 The
slope (flatness or steepness) of the posterior wall of the
articular eminence and its inclination determine the condyle
path, which guides the mandible in its movements.3,8 The
articular eminence in humans is developed almost entirely
postnatally. At birth, the eminence is completely flat. The
inclination of the condyle path appears to increase with
age.3,8,10,11 Very rapid growth of eminence is intended to
prepare temporomandibular joint morphology to withstand
the load of future masticatory function.12 The articulareminence development is affected more by function than by
skull base characteristics or genetics. The fact that the
congenital absence of condyles is accompanied by articulareminence undevelopment or its absence points to a strong
functional dependence.12 Since the fossa glenoidalis and
articular-eminence remodel during the mastication function,
it is possible that differences in masticatory function
associated with different food-preparation methods, as well
as with different masticatory forces, and teeth attrition have
had an effect on articular-eminence inclination. Stimulated by
growth hormone full inclination is reached by the age of 30
years.8 This hormone also gives rise to mandibular acromegaly
if it continues to be produced beyond 30 years. In fact, it is
logical that all the factors that affect the temporomandibular
joints also affect the articular eminence and its inclination.
Although there is a wealth of literature on the morphology
of the human temporomandibular-joint components, little is
known about the temporomandibular morphology and the
articular-eminence inclination in archaeological human
populations.1 Therefore, the aim of this study was to
determine the articular-eminence inclination on dry skulls
from the early medieval sample of Avaro-Slavic ethnic group
of Bijelo Brdo (BB), of East Croatia (10th and 11th century AD)
and to compare them with the values obtained from recent dry
skulls from the osteologic collection (20th century) of the
Institute of Anatomy (IA), School of Medicine, University of
Zagreb, Croatia. Both the medieval and modern skull populations were considered to be ethnically homogeneous. The BB
population was intensely agricultural with a high consumption of cereals, a food that was not so hard with much soluble
material.13 Therefore, it is assumed that chewing such a food

required lower masticatory forces with wide lateral mandibular
movements. Due to the variability of whole temporomandibular joint form,14 functional dependence of articular-eminence
development, influence of different feeding behaviour and diet
on the shape of temporomandibular joint14 and certain food
type consumed in BB cultural group,13 a specific hypothesis was
established as follows: there is a difference in articulareminence inclination between medieval and contemporary
human population, with lower articular-eminence inclination
values in BB sample (from early medieval time) than in IA
sample (recent dry skulls).

2.

Materials and methods

The study was carried out on two dry skull groups (of
specimens), with a total number of 151 dry skulls. The first
group consisted of 14 dry skull specimens stored in the
Museum of Archaeology in Zagreb, Croatia. These skulls were
a part of a bigger sample, which was not fully suitable for use
in this study due to the different levels of damage found in
them. The skulls were excavated at the end of the 19th century
and the beginning of the 20th century from an early medieval
(10th–11th centuries) cemetery at the archaeological site,
Bijelo Brdo (East Croatia). In this group of skull specimens, a
range of ages (20–55 years) was known, but the gender was not
determined. All the skulls from the BB group were dentulous.
The selection criterion for ‘‘dentulous’’ was the presence of
complete dental arches and dental arches with a few teeth
missing but with well-preserved occlusal contacts in the molar
and premolar regions. The other investigated group consisted
of 137 dry skull specimens (which served as a control group)
taken from the osteologic collection (20th century) of the
Institute of Anatomy, School of Medicine, University of Zagreb.
This group of specimens had complete data on age and gender.
There were 93 male specimens and 44 female specimens from
18 to 88 years of age and these skulls were divided into two
groups: 78 dentulous, and 59 edentulous. All the selected
specimens were fully preserved without any damage caused
by soil/water exposure in the measured area (articular
eminence, fossa articularis, meatus acusticus externus, and
orbitae).
Skulls were photographed from a distance of 35 cm using a
Olympus C-770 camera (Olympus, Tokyo, Japan), which was
placed on a table camera holder (Hama, Manheim, Germany).
All the skulls were placed on a flat camera-holder surface and
lined on the underside with condensation silicone impression
material (Optosil, Heraeus, Hanau, Germany) to obtain a
symmetric orientation of the sagittal plane parallel to the
surface of the table camera holder, thus being perpendicular to
the camera lens. Photographs with lateral views of both the
sides of the skulls were taken for each specimen to perform
measurement of the articular-eminence inclination. The
measurements were performed on digital images using the
software application AutoCAD (Autodesk, Inc., CA, USA). The
articular-eminence inclination was measured in relation to
the Frankfurt horizontal plane. Two points were marked on
the digital images: Porion (the highest point of the meatus
acusticus externus); and Orbitale (the most inferior–anterior
point of the orbital rim). The Frankfurt horizontal is defined as
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Fig. 1 – The inclination between the posterior wall of
articular-eminence and Frankfurt line: Po, Porion; Or,
Orbitale.

a line connecting the Orbitale and Porion points.15,16 The
articular-eminence inclination was then defined as the angle
between the best fit line drawn along the posterior wall of the
articular-eminence and the Frankfurt horizontal plane.12
Using the AutoCAD software, the values of the angles were
measured and expressed in degrees (Fig. 1). The results were
statistically analysed using the software SPSS 15.0 (SPSS Inc.,
Chicago, IL, USA) by the method of descriptive statistics, and
the differences between the arithmetic means were tested for
significance by the independent-sample Student’s t-test.

3.

Results

The BB skull specimens were aged 20–55 years, with an
average age of 37.5 years; they formed 9.3% of all the
investigated specimens. The IA skull specimens were aged
18–88 years, with an average age of 45.7 years; they formed
90.7% of all the investigated specimens. With reference to the

gender, there were 93 male specimens (67.9%) and 44 female
specimens (32.1%).
All 14 BB skull specimens were dentulous (100%), whereas
in the IA group, 78 specimens were dentulous (56.9%) and 59
specimens were edentulous (43.1%).
No statistically significant ( p > 0.05) differences between
left and right side inclinations were found among BB skulls,
dentulous IA, and edentulous IA skulls. Therefore, all left-side
and right-side articular-eminence inclination values of each
investigated group (BB, dentulous IA, edentulous IA) were
integrated as one value and then compared in-between
groups.
The mean value for the articular-eminence inclination
measured in all the BB specimens was 49.578 with the range
being 29–648 (Table 1).
The mean value of the articular-eminence inclination
obtained in the edentulous IA group (62.548) with the range of
values from 308 to 948 was a little higher than the one in the
dentulous group (61.568) with values ranging from 318 to 948
(Table 1); however, in-between there was no statistical
significance ( p > 0.05).
The difference in the mean values between the dentulous
BB skulls (49.578) and the dentulous IA skulls (61.568) was
statistically significant ( p < 0.01); similarly, the difference in
the mean values between the dentulous BB skulls (49.578) and
the edentulous IA (62.548) skulls was also significant ( p < 0.01).
Since the differences in mean values of the articulareminence inclination between the dentulous and the edentulous IA skulls were very small and not statistically significant,
these two groups were joined together and used in further
analysis as one larger group. Thereafter, the mean value of the
articular-eminence inclination (group comprising all the
measured IA specimens) was 61.998, with values ranging from
308 to 948.
When the mean values of the BB and all the IA samples
were compared, the difference was statistically significant

Table 1 – Statistical parameters of articular-eminence inclination in the BB and the IA specimens.
Group of specimens

Dentulous

Bijelo Brdo

min
max
X
SD

Total

min
max
X
SD

The Institute of Anatomy

min
max
X
SD

Total

min
max
X
SD

Edentulous

Right

Left

338
648
50.148
8.42

298
648
498
10.55

Right

298
648
49.578
9.56
318
888
62.248
12.23

Left

No data

388
948
60.888
11.87
318
948
61.568
12.03

min, minimal measured value; max, maximal measured value; X, mean value; SD, standard deviation.

338
868
62.128
12.59

308
948
62.978
12.45
308
948
62.548
12.47

Author's personal copy
1150

archives of oral biology 57 (2012) 1147–1152

( p < 0.01), as well as the difference in mean values of the
eminence inclination on the left side between the BB (498) and
the IA skulls (61.788) which was also statistically significant
( p < 0.01). Likewise, there was also a statistically significant
difference on the right side between the BB (50.148) and the IA
(62.208) samples ( p < 0.01).

4.

Discussion

It is always difficult to make a mathematical (statistical)
analysis of complex, curved surfaces and angles, which form
the temporomandibular joint. In addition, it is difficult to
compare the information obtained from autopsy studies with
the data obtained from studies of skeletal material where only
bones are considered. Finally, due to complex relationships
between the teeth, the temporomandibular joints, and the
supporting and interconnecting craniofacial skeleton, it is
difficult to understand the significance of any described
differences in joint morphology without relevant information
about the facial morphology and dentition.5 It is particularly
difficult to consider all these factors when studying archaeological material. Furthermore, the investigated samples are
often relatively damaged, with only small fragments of skulls
preserved.
Many authors describe and use different materials and
methods for studying the articular-eminence inclination,2,3,6
and some of these methods can have their own limitations.
When radiographic measurements are used, the measurement points may be unclear or unstable. Moreover, when
models made from an impression of the fossa are used, the
skeletal anthropologic landmarks tend to become obscure.
Measurements carried out on dry skulls seem to be the most
accurate, and measuring the same with three-dimensional
instruments can correct the fault of the previous methods.2 In
the context of the methods used, the parameters of the
skeletal morphology of joints often differ in various studies;
therefore, it is relatively difficult to compare the results
obtained from different studies.6
Usually two different methods are used for articulareminence inclination measurements. In this study the
articular-eminence inclination was measured as an angle
between the best fit line on the posterior slope of the articulareminence and the Frankfurt horizontal plane.12 Another
frequently used method measures the angle between the
Frankfurt horizontal plane and a line connecting the roof of
the fossa with the highest point of articular-eminence.12
Although both angles represent the articular eminence
inclination, the former method (best fit line – Frankfurt
horizontal plane) focuses primarily on the posterior surface of
the eminence, whereas the latter method (fossa roof –
eminence top, Frankfurt horizontal plane) focuses on the
location of the eminence crest relative to the fossa roof.12 The
latter method is greatly affected by the eminence height
development, whereas the method used in this study
represents the actual, but simplified condylar path.12 It seems
that ‘‘best fit line’’ method is more accurate due to the fact that
the posterior slope of the articular-eminence is easy to observe
(and measure the inclination), while the location of the
eminence crest and the fossa roof are more subjected to

individual determination (possibility of mistake). Therefore,
previously described method was used in this study.
In this study, one group of dry skull specimens were
obtained from the Bijelo Brdo culture group, which evolved
from the older Avaro-Slavic culture dated between the 7th and
9th centuries, which existed continuously from the 10th to the
12th centuries.17 The mean measured value (49.578) for the
articular-eminence inclination in the BB group was lower than
that in the dentulous IA (61.568), the edentulous IA (62.548), and
all grouped IA specimens (61.998), with a statistically significant difference ( p < 0.01). The values of the articular-eminence inclination were highly variable. In addition, a wide
range between the minimal and the maximal measured values
was found. As reported by Gilboa et al., the eminenceinclination values usually vary from 218 to 648.16 The results
of various studies correspond to this range and are similar to
the values in our study.16,18–22 Koyoumdjisky21 measured the
inclination of the anterior wall of the fossa and obtained a
mean value of 47.68, which is very close to the mean value of
the BB group in this study. Zoghby et al.22 found a mean value
of 47.468 using the method of mechanical axiography on
participants. These results are lower in comparison to the
mean value for the IA skulls in our study but similar to the
mean value for the BB skulls.
Although the articular-eminence is located at the root of the
zygoma and forms an important element of the cranio-facial
buttress system, the temporomandibular joint was not initially
considered to be a load-bearing joint.23 A ‘‘jaw muscle sling’’ is
considered to function to ensure that the condyle head does not
load a thin bone between the deepest part of the glenoid fossa
and the middle cranial fossa. Also, any movement of the jaw will
result in activity of both joints. When the mouth is opened and
the condyle has moved to near the crest of the posterior
articular slope, the bite strength is significantly reduced. Since
the mouth open position is a mechanically inefficient position,
not only are the loads to the bone lower but also the load
duration is shorter, thus protecting the intraarticular tissues.
However, it has been generally accepted that mechanical
loading is essential for the growth, development, and maintenance of living tissues.23 The form of the temporomandibular
joints, in addition to the articular-eminence inclination, in
adults varies considerably, especially with reference to its
environment.1 Important factors that can affect the articulareminence inclination are the masticatory loads and force
dispersal mechanisms which are involved in the processing of
different types of food; furthermore, masticatory forces change
according to the types of food consumed. In early medieval
times, in eastern Croatia, people were usually engaged in
fishing, hunting, gathering, and farming.17 Some people,
especially hunters consumed harder and tougher food. As a
result, stronger masticatory forces were needed for food
processing. In such conditions, remodelling of joint components should be more pronounced. The fossa appears to
remodel in response to patterns of forces generated during
the mastication function24 and it becomes deeper, whereas the
articular-eminence inclination becomes steeper. According to
archaeological and historical data, the BB population was
completely agricultural and consumed soft food with a lot of
cereals.13 For these reasons, it was expected that the mean value
of the articular-eminence inclination in the BB group of
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specimens would be lower than the mean value from the IA
group of specimens. A possible explanation might be that, due
to the consistency of the food, a wider range of lateral lower-jaw
movements, with lower masticatory forces, was needed for
chewing a ‘‘Medieval’’ diet than is usual today, where vertical
jaw movements are predominant. The wide range of movement
was associated with and enabled by progressive tooth wear,
which eliminated cuspal interlock and deep overbite limitations. Medieval cereal based diets were rather abrasive, due to
contained silica grits derived from the milling process. Such
occlusal surface wear was observed in the Bijelo Brdo cultural
group.13 The formation of the osseous parts of the temporomandibular joint depends on the masticatory function associated with jaw movements, and vice versa, and the final anatomy
of the temporomandibular joint exerts an important influence
on the magnitude of the lower-jaw movements.3 Therefore, a
less-pronounced articular eminence with a lower inclination
value allows greater freedom of movements.
Although the mandibular fossa undergoes remodelling in
response to changes in dentition during life, the precise
relationship between the teeth and the temporomandibular
joints is still not completely clear.24 All the BB skull specimens
were dentulous, with a statistically significant lower mean
value of the articular-eminence inclination than the dentulous
and edentulous IA skull specimens. According to the statistically insignificant difference of articular-eminence inclination
values between the dentulous and the edentulous IA skulls, it
can be concluded that presence (or loss) of teeth is not crucial
factor affecting the articular-eminence inclination. Some
authors3 have also reported no connection between the tooth
loss and eminence angles, whereas others25 connected
shallower fossae and flatter angles with tooth loss. Csado
et al. concluded that the rate of deformation of the articular
eminence is significantly higher in completely edentulous
patients than in patients with maintained occlusion.26
As previously mentioned, the articular-eminence inclination can vary a lot depending on different methods of
measurement; hence, it could be stated that the obtained
values serve only as basic information. This study confirmed
the established hypothesis that mean articular-eminence
inclination value measured on medieval dry skulls was lower
than mean value measured on recent dry skulls. This
investigation has certain limitations due to a relatively small
number of specific (medieval) specimens available. Therefore,
further investigations, including a larger number of medieval
specimens, are required in order to confirm (or contradict) the
results of this study.
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