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PERIODONTAL LIGAMENT MAY BE VIEWED AS A POROUS MATERIAL
FILLED BY FREE FLUID: EXPERIMENTAL PROOF

M.Y. Nyashin*, A.P. Osipov**, M.Ph. Bolotova™*, Y.I. Nyashin*, E.Y. Simanovskaya™*

* Perm State Technical University, 29a, Komsomolsky Prospect, 614600, Perm, Russia
** Perm State Medical Academy, 39, Kuybishev Street, 614000, Perm, Russia

Abstract. The purpose of this investigation is to show experimentally that there are the
ways for fluid movement in the periodontal ligament and that the periodontal ligament
fluid may flow under pressure. In addition, the permeability coefficient of the periodontal
ligament involved in the Darcy’s law equation is estimated. It turns out to be in the order

of 10°® mz/(Pa~sec). Therefore such a structure of the periodontal ligament might help to

illuminate the nature and the mechanism of one of the main periodontal ligament
functions, i.e. providing tooth support under load.
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Introduction
The periodontal ligament (PDL) is a dense connective tissue that surrounds the root of the
tooth and attaches it to the alveolar bone.

The PDL plays a broad spectrum of
functions. The primary functions are providing
tooth support and blood supply. There is no
disagreement concerning the role of the PDL in
providing support for the teeth, but there is
considerable controversy involving the mechanism
by which this function is accomplished. The
precise sequence of events that occurs in the PDL
when force is applied to a tooth is not known [1].

Such a multifunction of the PDL depends
upon its complex structure. The PDL consists
mainly of collagen fibers, most of them being
arranged into fiber bundles. Collagen fibers
comprise 50% of the PDL by weight. Furthermore,
the PDL also contains considerable amount of
cells, nerves, vasculature, interstitial fluid. _

To explain the mechanism of tooth support «
by the PDL we believe that the PDL must
biomechanically be considered as a porous solid *: L
(collagen fibres, walls of blood and lymphatic b\_":x : i .r"' :
vessels) containing a fluid (interstitial fluid, blood, Fig.1.THe PDL of the rat’s molar.
lymph). In Fig.1 are shown the collagen fiber (Scale of 100 um) [2].
bundles of the rat’s molar [2].
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Lowney et al. [3]
studied the influence of
orthodontic forces on the
amount of cytokines in the
periodontium before and after
the  application of an
orthodontic ~ force. They
assumed the orthodontic forces
to induce the movement of the
PDL fluid and, with them, any
cellular biochemical product
produced from prior
mechanical perturbation. As
illustrated schematically in
Fig.2, the direction of the PDL
fluid may be as follows: from
an area of compression, to an
area of tension, both apically
and coronally, toward the

gingival sulcus, and/or into the Fi02. Di f tooth bef 4 at the instant of the f
ig.2. Diagram of tooth before and at the instant of the force
alveolar mar.m.w spaf:es.. application. Arrows show probable pathways of the PDL fluid.
In this investigation, WE  These include the PDL, the marrow spaces, and the gingiva, as well
assumed that a part of fluid as the sulcus area [3].

constituent of the PDL may be

free  under the certain

conditions and this fluid may move within the PDL under pressure gradient due to particular
arrangement of the bundles and the walls of vessels.

If this hypothesis is borne out, then we can make the inference that it is fluid which is
incompressible that provides a relevant stiffness of the PDL. Moreover in this case fluid
displacements cause as uniformity of load distribution when a force is applied to the tooth as
reversibility of strains occurring when a force is removed.

To test this hypothesis the experiment was developed and made on guinea-pigs. It was
suggested to inject with a blue dye under pressure into the certain zone of the PDL. As a result
the nonuniform distribution of the PDL fluid pressure occurs and the PDL fluid may move
under pressure gradient within the PDL. It may result in turning of the PDL and the tooth’s
root on the opposite side from the injection zone to a blue colour.

Materials and methods

Five guinea-pigs were used in the experiment. Fig.3 illustrates appearance of an
animal and Fig.4 does mandibular incisors (one of them was put to experiment).

Each animal was anaesthetised and sacrificed. Then the mandible was extracted and
the face skin, muscles and other soft tissues were dissected from the mandible (Fig.5).

As a dye, the 1% solution of cyanolum (blue colour) was used for it fulfilled the
necessary experiment requirements. The dye was dissolved in the isotonic solution (0.9%
solution of NaCl in water). Moreover, due to its small sizes (less than 1 nm) the dye might
move together with the solvent (the PDL fluid) within the porous medium of the PDL.

The dye solution was injected by syringe into the PDL through the circular ligament of
the incisor.
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Fig.4. Mandibular incisors.

Location of the
Cross section

Location of
the syringe
needle

Fig.5. The mandible after removing of the soft tissues on it.

91



Russian Journal of Biomechanics, Ne 1: 89-95, 1999

Fig.6. The cross section (shown by arrow) before the dye injection.
A dark spot in the middle of the cross section is the pulp region.

Fig.7. Idem, at the instant of turning of the cross section to a blue colour.

92



Russian Journal of Biomechanics, Ne 1: 89-95, 1999

Note that the shape and the location of the guinea-pig’s incisor are significantly
different from those of the human one. However the PDL of both of them must perform the
same function, namely absorption of mechanical load. It is beyond reason to think that the
load transformation mechanism in the human PDL differs from one in the guinea-pig's PDL.

Because the root of the guinea-pig’s incisor is located along a large share of the
mandible, then the apical part of the root was removed. Further the resultant cut surface will
be called the “cross section” (Fig.5).

It should be emphasized that since the dye was injected no later than 5 minutes after
the animals were sacrificed, then it can be said with assurance that the PDL did not undergo
any transformations.

Results of the experiment

It was recorded that within 1-2 sec after the dye injection the blue fluid exuded from
the PDL and covered the cross sections of all the animals. In Fig.6 is shown one the tested
fragments before the dye injection. In Fig.7 is shown this fragment at the instant of turning of
the cross section to a blue colour.

This result supports to the view that the PDL fluid moves within the PDL under
pressure gradient. Notice that the dye solution may move only together with a free fluid.
Hence it follows that a part of fluid constituent of the PDL must be free under the certain
conditions.

It should be pointed out that the dye solution movement was convective rather than
diffusive, i.e. the dye solution moved in accordance with pressure gradient (together with the
PDL fluid) rather than in accordance with concentration gradient. The reason is that
connective process is the faster of the two. Moreover, it has been found experimentally that
time of dye appearance on the cross section after the beginning of pressure application to the
syringe plunger depends on pressure magnitude.

Estimation of the permeability coefficient of the PDL
The experiment enables the permeability coefficient of the PDL to be estimated. This
coefficient k is involved in the equation of Darcy’s law of fluid filtration [4]:

v=-k Vp. 1)
where v is the velocity of fluid filtration,
Vp is the fluid pressure gradient.

Measurements of pressure to the syringe plunger during the dye injection were taken.
A blue fluid turned out to appear on the cross section within t=1-2 sec after application of
pressure p,=50-100 mmHg (6.66-13.33 kPa), the mean distance of the needle top of a syringe

to the cross section being /=1 cm (Fig.8).

To estimate the permeability coefficient of the PDL consider one-dimensional fluid
filtration in the x direction (Fig.8).
Then the equation (1) yields:

op
=k 2
v kax 2

Upon integrating of equation (2) at a constant velocity of fluid filtration we obtain:
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EZ

k=—o.
p.t

3)

Substitution of experimental data into the equation (3) gives the permeability
coefficient of the PDL to be in the order of 10® m?/(Pa-sec). For comparison, the permeability

coefficient of the intervertebral disc equals 10™* m?/(Pa-sec) [5], the permeability coefficient
of the articular cartilage does 2.65 10™* m?/(Pa-sec) [6].

P=Po p=0
L

Fig.8. One-dimensional fluid filtration model. Notation: p=p, is the fluid
pressure in the syringe (left); p=0 is the fluid pressure on the cross section

(right), ¢ is the distance of the needle top of a syringe to the cross section.

Conclusions
It was experimentally shown that the PDL structure allowed the PDL fluid to move
under pressure gradient within the PDL. From the results obtained it may be concluded that a
part of fluid constituent of the PDL must be free under the certain conditions.
Moreover the experiment provided to estimate of the permeability coefficient of the
PDL. It proved to be in the order of 10® m?/(Pa-sec).

We think that consideration of the PDL as a porous solid containing a free fluid might
help to furnish insights into the mechanism and the nature of the providing tooth support
under load by the PDL as well as other functions of the PDL.
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HepnouonT KakKk nmopucrasi cpeaa, HaCbIICHHAas1 CBOﬁO}IHOﬁ KHUIKOCTBIO:
IKCIICPUMEHTAJBHOC 10KA3aTECJIbCTBO

M.1O. Hamun, A.I1. Ocunos, M.®. Bonotosa, }10.1. Hamun, E.}O. CumaHOoBcKas
(ITepmb, Poccwust)

B skcniepuMenTe moka3aHo, 4TO CTPYKTypa MEePHOJOHTA TTO3BOJISIET EPUOJOHTAIBHOM
KHUJIKOCTH TE€peTeKaTh M3 30H C TMOBBILICHHBIM JaBJICHHEM B 30HBI C MOHW)KEHHBIM
naBieHueM. Ha oCHOBaHWUM BBISBIEHHBIX (DaKTOB MOXKHO CUMTATh, YTO IPH OINPEIEICHHBIX
YCIIOBUSX XOTS OBl 4acTh MEPHOIOHTAIFHOMN JKUIKOCTH MOXKET HaXOJUTHCS B CBOOOTHOM (T.€.
HE CBSI3aHHOM, HAIpUMep, MAaKpOMOJIEKYJaMH WJIM HE OTPAaHHMYEHHOM JPYTUMH TKaHSIMH)
COCTOSIHHU.

B pesynbraTre COOTBETCTBYIOIIMX HM3MEpEHHM B HacTosmedl paboTe Takxke ObLIa
crenaHa oleHkKa Kod3((UIMeHTa MPOHUIIAEMOCTH TIEPHOIOHTA, BXOMAIIEro B 3akoH [lapcw.
Jns cimydass oTHOMEPHOW (WIBTpAMK KHUJIKOCTH OKAa3aloCh, YTO KOX(PQPHUIMEHT 3aKoHa

Jlapcu s mepuoponta mmeer mopanok 10°  m?/(Ma-cex), TO ecTh  Kod(duIMEHT

MPOHUIIAEMOCTH MEPUOAOHTA UMeeT mopsiaok 10-11 M.

OTMeTHM, 4YTO TOJY4YeHHBIH ()aKT O BO3MOXKHOCTH IIEPEMEIICHUS >KHJIKOCTH B
MEPUOJOHTE BAXKEH JUIsI KIWHUKU, TaK KaK OOBSCHSIET MPOIECC aMOPTU3AIMHU HATPY3KH
NepuoJOHTOM. Ha OCHOBaHWMHM TIIOJIYYEHHBIX JIAaHHBIX MOXHO CJIeNaTh BBIBOJ, YTO
aMOpTHU3allis 00ECIIEYNBACTCS HE TOJIBKO KOJIJIAar€HOBBIMU BOJIOKHAMH, HO H KHJIKOCTBIO.
bu6i. 6.

KiroueBbie ciioBa: MEepHOIOHT, IEPUOIOHTATBHAS JKUIKOCTh, MIOPUCTas cpela, 3akoH [lapcw,
KOX(P(UITUEHT MPOHUITAEMOCTH, YKCIIEPUMEHT
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