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ARTICULAR EMINENCE INCLINATION IN MEDIEVAL
AND CONTEMPORARY CROATTAN POPULATION
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SUMMARY - Articular eminence inclination (AEI) of the temporomandibular joint leads the
mandible in its movements. Therefore, the aim of the present study was to determine AEI values in
medieval (MP) and recent (RP) Croatian population. The study was carried out on two groups of
specimens: first group with 30 MP human dry skulls, while the other, serving as control group con-
sisted of 137 dry skulls. The AEI was measured on lateral digital skull images as the angle between the
best fit line drawn along the posterior wall of the articular eminence and the Frankfurt horizontal
plane. No statistically significant (p>0.05) differences between the left and right side AEI were found
between MP skulls and RP skulls. The mean value of MP AEI was 45.5°, with a range of 20.9°-64".
The mean RP AEI value was steeper (61.99°), with a range of 30°-94". Difference between the mean
MP and RP AEI values was statistically significant (p<0.05). Values of AEI vary a lot. Nonsignificant
differences between the left and right side AEI confirmed the natural left-right side asymmetry. The
values of AEI differ between the RP and MP groups, most probably due to different type of food

consumption in medieval time, and consequently different masticatory loads and forces.

Key words: Temporomandibular joint — anatomy and histology; Skull — anatomy and histology; Articu-

lar eminence; Croatia; Humans

Introduction

'The nature of human masticatory system (develop-
ment, morphology and physiology) is very complex.
Masticatory system includes organs and structures
which are primarily functioning in mastication?
Mastication, the action of breaking down of food, pre-
paratory to deglutition, is one of the most important
functions of the masticatory system?, thereby multiple
muscle groups interact and produce forces®. Mechani-
cal loading (masticatory forces) is transferred onto the
osseous components of the system, and, at least in part,
through the temporomandibular joints to the cranial
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base, consequently affecting the process of bone re-
modeling.

Human temporomandibular joint is an integrative
component of the masticatory apparatus, one of the
most complex joints in the human body, and is still the
subject of extensive investigations and controversy*’.
The temporomandibular articular surfaces are highly
incongruent, which means that the upper and lower
surfaces are different in shape and size. This incongru-
ence is passed by cartilaginous articular disc which is
able to move together with mandibular condyle along
the articular eminence. Considering its morphology,
temporomandibular joint allows a large range of man-
dibular movements and consequently transmission of
forces and loads on the skull base®”. The articular emi-
nence is therefore made up of thick and dense bone,
which is suitable for loadbearing®.
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Skeletal structures of the temporomandibular joint
undergo remodeling throughout the life’. The mor-
phology of the articular eminence, glenoid fossa and
mandibular condyle depends on numerous factors,
such as changes in dentition associated with aging
(tooth loss, attrition and/or increased function), de-
generative changes of the glenoid fossa, masticatory
stress, craniofacial growth, gender, ethnicity and the
relationship between the fossa and the eminence in re-
lation to the facial structures*®'*13.Its functional mor-
phology also depends on the morphological changes
of the cranial base during ontogeny and hominid evo-
lution, and mechanical properties of the craniofacial
skeleton (environmental factors, food consistency and
toughness)*. In a primate model, the temporomandib-
ular joint is loaded during different types of activities
such as drinking, screaming, biting and mastication'*.
An important element in the biomechanics of tem-
poromandibular joint and the entire masticatory sys-
tem is the posterior wall of the articular eminence. The
slope (flatness or steepness) of the posterior wall of the
articular eminence and its inclination determine the
condylar path, which leads the mandible in its move-
ments”'!, Articular eminence inclination (AEI) is de-
fined as an angle formed by the posterior wall of the
articular eminence and some horizontal plane, e.g.,
Frankfurt horizontal plane'. At birth, the articular
eminence is completely flat, which means that the ar-
ticular eminence in humans is developed almost en-
tirely postnatally as the result of function. The AEI
appears to increase with age”!">1¢ and full inclination
is reached by the age of 30 years'!.

Interpretation of archaeological material is an im-
portant step in the attempt to reconstruct past lives.
These data could help in understanding what people
ate and how they lived". Little is known about AEI
values in medieval population. There is a difference in
teeding behavior and the type of diet consumed in me-
dieval and in modern time. Consequently different
biomechanical forces (masticatory forces) affect teeth,
jawbones, temporomandibular joints, as well as the
AEI and the entire craniofacial system. In the medi-
eval period, the Croatian population (especially in east
Croatia) was mostly agricultural, and the food was

['718 Tt is assumed

more soft with much soluble materia
that chewing such a food required lower masticatory
forces and wide lateral mandibular movements. There-

fore, specific hypothesis was established: there is a dif-
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ference in AEI between medieval and recent human
population. The aim of the present study was to deter-
mine the values of AEI in medieval population (MP),
and to compare the measured values with the values in
recent population (RP).

Materials and Methods

Two groups of human dry skulls were included in
this study, with a total number of 167 specimens. The
first group consisted of 30 dry skulls stored in the An-
thropological Center, Croatian Academy of Sciences
and Arts in Zagreb, Croatia. These skulls are part of a
bigger sample which was not fully suitable for use in
this study due to different levels of damage. The skulls
were excavated at the end of the 19" century and the
beginning of the 20™ century from four early medieval
cemeteries (10"-11" centuries) in Croatia. In this
group of skull specimens, age range was known (30-55
years), but gender was not determined. The other in-
vestigated group consisted of 137 dry skull specimens
(which served as a control group) taken from the os-
teologic collection (20™ 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. All selected
specimens from both groups were without damage in
the measured area (articular eminence, articular fossa,
acoustic external meatus and orbitae).

Skulls were photographed (lateral view) from a dis-
tance of 35 centimeters using Olympus C-770 camera
(Olympus, Tokyo, Japan), which was placed on a table
camera holder (Hama, Mannheim, Germany). All the
skulls were placed on a flat camera holder surface and
lined on the underside with condensation silicone im-
pression material (Optosil, Heraeus, Hanau, Germa-
ny) to obtain a symmetric orientation of the sagittal
plane parallel to the surface of the table camera holder
(perpendicular to the camera lens). Photographs with
lateral views of both sides of the skulls were taken for
each specimen to perform measurement of the AEI".
'The measurements were performed on digital images
using the software application VistaMetrix (Skillcrest
LLC, Tucson, Arizona, USA). The AEI was measured
in relation to the Frankfurt horizontal plane. Two
points, Porion and Orbitale, were marked on the digi-
tal images. Porion is the highest point of the acoustic

Acta Clin Croat, Vol. 55, No. 4, 2016



J. Kranjci¢ ez al.

Articular eminence inclination

Fig. 1. Articular eminence inclination measured
in relation to the Frankfurt horizontal plane
(Po, porion; Or, orbitale).

external meatus and Orbitale is the most inferior-an-
terior point of the orbital rim. The Frankfurt horizon-
tal is defined as a line connecting the Orbitale and
Porion points?®?'.The AEI (Fig. 1) was then defined as
the angle between the best fit line drawn along the
posterior wall of the articular eminence and the Frank-
furt horizontal plane”. Using the VistaMetrix soft-
ware, the values of the angles were measured and ex-
pressed in degrees. The results were statistically ana-
lyzed using the SPSS 15.0 (SPSS Inc., Chicago, Illi-
nois, USA) software by the method of descriptive
statistics, and differences between arithmetic means
were tested for significance by the independent-sam-
ple Student’s T-test.

Results

The MP skull specimens were aged 30-55 years,
mean age 42.5+6.02 years. The RP skull specimens

were aged 18-88 years, mean age 45.7+7.30 years.
Considering gender distribution, the RP human dry
skulls included 93 (67.9%) male and 44 (32.1%) female
specimens.

The mean value of the left AEI measured in MP
specimens was 45.75°, while the mean right MP AEI
value was slightly and nonsignificantly lower, 45.1°
(p>0.05). The mean value of AEI measured in all MP
specimens was 45.5°, with the range of 20.9°-64° (Ta-
ble 1).

The mean measured value of the left AEI in RP
specimens was 61.77°, while the right side AEI was
slightly and nonsignificantly higher, 62.2°(p>0.05).
The mean AEI value of all the RP specimens was
61.99°, with the range of 30°-94° (Table 1).

Since the difference between the left and right AEI
values in both MP and RP groups of specimens was
small and not statistically significant (p>0.05), all the
measured left and right side values were categorized
into two larger groups (all MP and all RP specimens).

When the left side AEI values of MP (45.75°) and
RP (61.77°) specimens were compared, the difference
was statistically significant (p<0.05). Statistically sig-
nificant difference was also found on the right side
AEI between MP (45.1°) and RP (62.2°) samples
(p<0.05). Comparison of the mean value of all MP
(45.5°) and all RP (61.99°) specimens also yielded a
statistically significant difference (p<0.05).

Discussion

Due to the complexities in morphology and move-
ments determined by its morphology, the human tem-
poromandibular joint is often a focal point for investi-
gation and discussion?. Richards’® has stated that the
morphology of temporomandibular joint is related to
the morphology of the system with which the joint is

Tuble 1. Values and statistical parameters of articular eminence inclination in the medieval (MP) and recent (RP)

specimens

Articular Medieval (MP) Recent (RP)

eminence . t . t t p
inclination Min-max | Mean | SD (L:R) p Min-max | Mean | SD (L:R) p

Left (L) 20.9°-59.0° | 45.75°| 10.7 30.0°-94.0° | 61.77°| 12.21 6.653 | <0.05

0.237 | >0.05 0.285 | >0.05

Right (R) |21.6-64.0" | 45.1° | 10.6 g 31.0°-88.0° | 62.2° | 12.34 g 7.042 | <0.05
All 20.9°-64.0° | 45.5° | 10.7 30.0°-94.0° | 61.99° | 12.21 9.74 | <0.05

Min = minimal value; max = maximal value; p = p value; t = t value;
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functionally linked. Environmental and orofunctional
factors such as mechanical loading may influence the
growth and development of skeletal components of
the temporomandibular joint. Although the influence
of genetic factors cannot be excluded, differences in
the nature or intensity of tooth use, tooth attrition or
tooth loss, type of consumed food during growth and
throughout life related to different levels of orofunc-
tional stress may account, at least in part, for differ-
ences in joint size?. It can be assumed that all the fac-
tors that affect the temporomandibular joints also af-
fect the articular eminence and its inclination. AEI as
an important element in the biomechanics of tem-
poromandibular joint was studied by using different
materials and methods, and therefore highly variable
values were obtained””’. For example, the path of
movement of the condyle during protrusion corre-
sponds to the contour and height of the eminence.
However, with this method, the value of the height
and angle of the eminence may be indefinite because
of the presence of the incongruous disk®. Other meth-
ods can also have their own limitations, e.g., measure-
ments on models taken from an impression of the
fossa or direct measurement carried out on dry skulls,
measurements performed on arthrograms, panoramic
radiographs, tomographic radiographs, cephalometric
radiographs, scaled photographs, etc.. The measure-
ments are difficult due to the complicated structure of
the articular eminence and glenoid fossa which con-
sists of many small and complex curved surfaces. Usu-
ally two different methods are used for AEI measure-
ments'>!?. One method is to measure the angle be-
tween the best fit line on the slope of the eminence
and the Frankfurt horizontal plane, while the other
method is to measure the angle between the Frankfurt
horizontal plane and the line connecting the roof of
the fossa with the highest point of articular eminence.
Although both angles represent the AEI, the first an-
gle (best fit line-Frankfurt horizontal) focuses primar-
ily on the posterior surface of the eminence, whereas
the other angle (fossa roof-eminence top, Frankfurt
horizontal) focuses on the location of the eminence
crest relative to the fossa roof'. The former method
(best fist line-Frankfurt horizontal) was used in the
present study because the posterior slope of the articu-
lar eminence is easy to observe (and measure the incli-
nation), and represents the actual but simplified con-

dylar path®.
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According to the results, there was a wide range
between minimal and maximal measured values, rang-
ing from 30° to 94° among recent specimens and from
20.9° to 64" among medieval specimens. Gilboa ez al.
report that the AEI values usually vary from 21 to 64
degrees?!. Koyoumdjisky* measured the inclination of
the anterior wall of the fossa and obtained a mean
value of 47.6°, while Zoghby e a/**found a mean value
of 47.46° using the method of mechanical axiography
in study participants. It has been reported that the
normal value of AEI in adults is from 30" to 60°. AEI
values smaller than 30° have been characterized as flat,
while those greater than 60° have been characterized as
steep®. The results of various studies correspond to this
range and are similar to the values recorded in our
study?377,

In both the medieval and recent sample groups,
differences were found between the right and left
joints. Jasinevicius ez al.” report steeper right AEI val-
ues. This finding corresponds to the AEI values re-
corded in RP specimens in the present study. Con-
versely, in a group of MP specimens, the right side
values were slightly lower than the left side values. The
differences observed could probably be caused by the
predominant masticatory usage of one jaw side, and a
consequently different distribution of the biomechani-
cal loading in the right and left temporomandibular
joints. During mastication, transportation of food
from one side to the other is necessary, but the one side
preference is a well-known and relatively consistent
phenomenon**.

The difference observed in AEI between medieval
(45.5°) and recent (61.99°) specimens was statistically
significant. Therefore, the results obtained confirmed
the assumed hypothesis about difference in AEI values
between MP and RP human populations. Both skull
populations were ethnically homogeneous. Difterence
between the two populations was in their lifestyle and
type of food consumed. The early medieval MP popu-
lation was intensely agricultural with a high consump-
tion of cereals, a food that was not so hard and con-
tained much soluble material®®. As a result, lower mas-
ticatory forces were needed for food processing. In
such conditions, remodeling of joint components was
less pronounced. If the food is harder and tougher
(e.g., meat), stronger masticatory forces are needed for
chewing, which is more typical for recent population.
Glenoid fossa appears to undergo remodeling in re-

Acta Clin Croat, Vol. 55, No. 4, 2016
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sponse to the patterns of forces generated during the
mastication function®, and with stronger forces, the
fossa becomes deeper, whereas the AEI becomes
steeper. The anatomy of the temporomandibular joint
exerts an important influence on the magnitude of the
lower jaw movements’; therefore less pronounced ar-
ticular eminence with a lower AEI allows greater free-
dom of movements®. According to this, a wider range
of lateral mandibular movements with lower mastica-
tory forces was typical in processing the ‘medieval’ diet.

'The AEI values can vary a lot. The range of values
is wide and it differs inter-individually. Environmental
factors related to the type of diet and masticatory forc-
es may affect the joint morphology and AEI, therefore
lower masticatory forces are connected with shallower
fossa and lower inclination. However, owing to the
method of measurement employed and variability of
the results, the values obtained could be used as orien-
tational information that may prove helpful in setting
articulators with the mean values of condylar path in-
clination, while further measurements (investigations)
are needed to support these findings.
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Sazetak

NAGIB STRAZNJEGA ZIDA ZGLOBNE KVRZICE SREDNJOVJEKOVNE
I SUVREMENE HRVATSKE POPULACIJE

J- Kranjcié, M. Slaus, M. Vodanovic, S. Persici D. Vojvodic

Kretnje donje Celjusti odredene su nagibom straznjega zida zglobne kvrzice (engl. articular eminence inclination, AEI)
temporomandibularnog zgloba. Svrha istrazivanja je bila odrediti vrijednosti AEI na uzorku iz srednjovjekovne (engl.
medieval population, MP) i moderne (engl. recent population, RP) hrvatske populacije. Istrazivanje je provedeno na dvije sku-
pine uzoraka: 30 MP lubanja i druga skupina sa 137 lubanja kao kontrolna skupina. AEI je mjeren na lateralnim digitalnim
fotografijama lubanja kao kut $to ga ¢ini najbolje prilagodena linija strmini straznjega zida zglobne kvrzice s frankfurtskom
ravninom. Nije bilo statisti¢ki znacajnih razlika (p>0,05) izmedu vrijednosti AEI lijeve i desne strane u uzorku MP i RP.
Srednja izmjerena MP vrijednost AEI bila je 45,5 u rasponu vrijednosti od 20,9° do 64". Srednja izmjerena RP vrijednost
AFEIT bila je visa, 61,99°, s rasponom vrijednosti od 30" do 94°. Razlika srednjih vrijednosti AEI izmedu skupina MP i RP bila
je statisticki znacajna (p<0,05). Vrijednosti AEI su vrlo varijabilne. Razlika (statisticki neznacajna) izmedu vrijednosti AEI
lijeve i desne strane upucuje na prirodnu asimetriju. Razlike u vrijednostima AEI izmedu skupina RP i MP postoje vjerojat-
no zbog razli¢ite prehrane u srednjem vijeku te posljedi¢no tome razli¢itim Zvaénim silama i opterecenju.

Kljuéne rijeci: Temporomandibularni zglob — anatomija i histologija; Lubanja — anatomija i histologija; Zglobna izbocina;
Hrvatska; Ljudi
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