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(57) ABSTRACT 

A material for modifying the optical properties of cells 
comprises a basic material and a modification Substance 
distributed in the basic material at a prescribed concentra 
tion, wherein the basic material comprises a Viscous fluid, a 
gel, a two-dimensional or three-dimensional porous Sub 
Strate or a material which hardens in situ. 
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MATERIAL FOR DIFFERENTLY MODIFYING THE 
OPTICAL PROPERTIES OF DIFFERENT CELLS 

RELATED APPLICATIONS 

0001. This is a divisional of currently pending U.S. patent 
application Ser. No. 09/720.232, filed May 18, 2001, which 
claims the benefit, under Title 35, United States Code, 
Section 365, of International Patent Application No. PCT/ 
EP99/03778, filed on Jun. 1, 1999, and which claims the 
benefit, under Title 35, United States Code, Section 119(a)- 
(d) and (f), of German Patent Application No.19827 417.3, 
filed on Jun. 19, 1998. 

FIELD OF THE INVENTION 

0002 The invention relates to a material for differently 
modifying the optical properties of different cells, to an 
apparatus for the application of Such a material, to a diag 
nostic apparatus for determining the optical properties of 
cells which have been exposed to Such a material, and to an 
apparatus for irradiating cells whose optical properties have 
been differently modified with Such a material. 

BACKGROUND OF THE INVENTION 

0.003 Periodontosis is a widespread disease of the attach 
ment apparatus of the teeth. Periodontopathies are caused by 
bacteria located in periodontal pockets (Subgingivally). 
Some of these are bacteria which are bound adherently to the 
root Surface and are usually Gram-positive and calcified to 
give concrements (subgingival calculus), and the others are 
bacteria which face the Soft tissue of the pocket, are non 
adherent and are usually Gram-negative, and which, for 
example, in part are motile in the pocket fluid. It is precisely 
these motile bacteria which play an essential role in the 
progression of periodontitis. 
0004. During the progression of periodontitis, the bacte 
ria may migrate through the pocket's epithelium and pen 
etrate into the Subepithelial connective tissue, So that they 
Surround the inflammatory infiltrate. Complicated interac 
tions occur with the patient's immune defenses which are 
massively lacuna at this point and which lead, via (micron 
egroses, purulent abscesses or as reaction to the immune 
interaction for example through activation of Osteoclastic 
endogenous cells, to loSS of periodontal Supporting tissue 
and development or deepening of a periodontal pocket 
and/or retraction of the gingival Soft tissue. Particularly 
important in this connection are processes which take place 
deep inside the pocket or in problem regions Such as, for 
example, the root furcation. 
0005 Recommended to date for reducing microbes in the 
pockets are mechanical cleaning techniques (for example 
Scaling, curettages, cleaning with ultrasonic instruments) or 
Simple pocket irrigations. Systemic administration of anti 
biotics is associated with considerable Side effects, firstly 
because of the broad Spectrum of the causative bacteria, and 
Secondly because the bacteria are located outside the blood 
circulation. Local administration techniques through appli 
cation of the antibiotics directly into the periodontal pockets 
often have an unreliable effect because diffusion into all the 
pocket regions is inadequate or deposition does not last long 
enough or the level of the active Substance combination is 
inadequate. Antibiotics are therefore normally administered 
only as a measure Supporting conventional, usually 
mechanical, procedures. 
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0006 Because of the complex geometries of the affected 
periodontia or periodontal pockets, access to the diseased 
tissue regions is impeded, and the desired reduction in 
microbes is often not achieved. The consequence is after 
various time intervals, depending on the patient's immuno 
logical predisposition which is usually affected, recoloniza 
tion of a previously treated pocket with a recurrence of the 
disease. It is particularly difficult to reduce microbes in the 
region of the infiltrated pocket epithelium and the adjoining 
connective tissue. 

0007. The first requirement for improved therapy is to 
have more detailed information about the current Status of 
the disease to allow a better prediction to be made about the 
future development of the disease, especially the occurrence 
of acute episodes of the disease. It is to date possible to 
identify a previously active pocket only Subsequently on the 
basis of puS discharge from the pocket. If this identification 
is possible, however, loss of Supporting tissue has already 
occurred. Bacterial genetic testing which has recently been 
employed for the diagnosis of individual bacteria in peri 
odontal pockets is costly and requires Several days for 
evaluation. For these reasons, it is unsuitable for routine 
applications. It is moreover possible to derive information 
only about the genomes of the bacteria from Such testing. 
Distinction according to the metabolic activities of the 
bacteria which cause periodontal disease is, however, 
impossible. 
0008 Examples of a periodontal procedure are evident 
from U.S. Pat. Nos. 5,422,093; 5,234,940; 5,211,938 and 
5,079,262. These involve the identification and Subsequent 
treatment of malignant and nonmalignant tissue abnormali 
ties using aminolevulinic acid. This is used in the form of an 
aqueous active Substance Solution. Excitation of cell fluo 
rescence in the violet region (375 nm to 440 nm) leads to a 
red fluorescence being observed. An observation filter is 
used to filter out the diffusely reflected blue-violet excitation 
light, and the metabolically active tissue region is seen red 
against a background which appears slightly greenish 
(intrinsic fluorescence of the healthy tissue). 
0009. The rate constant with which metabolism takes 
place in the cells makes it necessary for the active Substance 
to remain over a prolonged time (at least 15 minutes, 
typically 120 minutes) essentially unchanged in contact with 
the tissue. 

SUMMARY OF THE INVENTION 

0010. The invention is therefore devoted to the problem 
of obtaining, in a simple manner at low cost and rapidly, 
information about the extent of a periodontitis, in particular 
also being able reliably to identify periodontitis in the initial 
Stage. 

0011 To solve this problem, the invention indicates a 
material for differently modifying the optical properties of 
different cells (healthy tissue, diseased tissue, bacteria) 
which comprises firstly a substance which modifies the 
optical properties and Secondly a basic material which is 
mechanically stable for a prolonged period under the con 
ditions prevailing at the Sites affected by periodontitis in a 
patient, and thus can release the modification Substance over 
a prolonged period at the desired site. The proposed basic 
materials which are stable over a prolonged time under use 
conditions are Viscous fluids, a gel, a two-dimensional or 
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three-dimensional porous Substrate or a material which 
hardens in Situ (for example plastic film). 
0012 Materials which have different effects on different 
cells in a property typical of them are known in other 
medical Sectors. Thus, for example, radioactive traces are 
used to identify cancer cells because they accumulate pref 
erentially in the latter because of the greater metabolic 
turnover. Other modification Substances are those which 
intervene directly in cell metabolism, Stated more accurately 
in porphyrin biosynthesis. Administration of Suitable modi 
fication Substances, which are described in detail hereinafter, 
leads to intensification of the fluorescence Spectrum of 
metabolically active cells. This makes it possible for these 
cells also to be determined quantitatively and in their spatial 
distribution, and the therapy can then be planned on the basis 
of this information. 

0013. It has now been realized that the technique devel 
oped in another medical Sector for identifying diseased cells 
can also be employed in the periodontitis Sector if the basic 
material used does not mix quickly with Saliva and thus 
keeps the modification Substance at the required site. Suit 
able for this purpose according to the invention are fluids 
having Sufficient Viscosity, gels, flat porous Substrates Such 
as wovens, nonwovens and the like or else three-dimen 
Sional porous Substrates which are able to take up in their 
cavities particles of the modification Substance or a concen 
trated Solution thereof and thus release the modification 
Substance distributed over a prolonged period. Another 
alternative consists of materials which harden in situ, Such 
as film formers which bind or entrap the modification 
Substance on the Surface. 

0.014 Advantageous further developments of the inven 
tion are indicated in dependent claims. 
0.015 The further development of the invention ensures 
firstly that the basic material remains stable under the 
conditions acting on it at the Site of use, and in addition does 
not change the Surroundings to be investigated. 
0016. The further development of the invention permits 
easy application of the material but, nevertheless, ensures 
that the material is dimensionally stable to the required 
extent after application. The further development of the 
invention is also advantageous in relation to good dimen 
Sional Stability of the material after application. 
0.017. A material is particularly suitable for filling tooth 
pockets with negligible displacement of fluid from the tooth 
pockets. This makes it possible to diagnose the condition of 
a tooth pocket particularly well before the treatment. 
0.018. The further development of the invention makes it 
possible to See at least through thin layers of the material, 
and for exciting light to be passed through the material. 
0.019 Basic materials are suitable for in situ application 
of a material layer with particularly good dimensional 
stability. 

0020. On use of a material it is possible to use the time 
during which the material must remain at the Site of use 
Simultaneously for therapeutic purposes. Typical times 
between application of the material and the diagnosis of the 
cells modified by the material are about two hours. Thus a 
good therapeutic effect is also obtained in this waiting 
period. 
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0021. The further development of the invention is advan 
tageous in terms of good Stability of the material in the oral 
environment, and Such a material causes a negligible change 
in the initial condition of the cells or tissue regions to be 
investigated, also in terms of the pH. 

0022 Basic materials have been tested in the dental 
Sector for a long time and are distinguished by excellent 
dimensional Stability and good shape adaptation. Such a 
material Serves well for investigations on tissue regions 
which are readily accessible. 
0023 The further developments of the invention permit 
diseased cells to be identified simply by eye or with use of 
a camera. It is possible in this way to establish easily with 
the eye or a camera the intensity of the disease and the 
Spatial distribution of the diseased tissue regions. Such a 
direct optical image of the disease is particularly helpful for 
planning a therapy. 
0024. It is possible with a material easily to distinguish 
between cells which differ in metabolic activity but other 
wise resemble one another greatly. 
0025 Influencing heme metabolism, is particularly infor 
mative and Significant for a wide spectrum of different cells. 
The further development of the invention also has the 
advantage that Such modification agents are available from 
the, other medical Sectors (identification of cancerous tis 
Sues) mentioned at the outset. The corresponding Substances 
can be synthesized at relatively reasonable cost. 
0026. The modification agent modifies the incorporation 
of iron into protoporphyrin, that is to Say the last precursor 
of heme. 

0027. The invention specifies preferred concentrations of 
the modification Substance which are advantageous in rela 
tion to pronounced modification on the one hand and not too 
great a change in the cell environment. 
0028. An apparatus facilitates the application of viscous 
or pasty material. 
0029 With an apparatus according to the invention it is 
possible with the application needle Simultaneously to mea 
Sure the depth of a tooth pocket and, when the depth of the 
tooth pocket is known, read off how far the needle has 
already been moved into the tooth pocket. 
0030. On use of an apparatus according to the invention 
the material is introduced into the tooth pocket gently So that 
the initial conditions are disturbed only Slightly. 
0031. With an apparatus according to the invention it is 
possible to bring the material through the gingiva as far as 
tissue regions adjacent to the inner Surface of the pocket. 

0032. The further development of the invention accord 
ing to the invention is advantageous in relation to particu 
larly delicate metering of material. 
0033. A diagnostic apparatus according to the invention 
makes it possible to inspect the cells which have been 
modified differently by the modification substance in a tooth 
pocket without the need to open the tooth pocket widely. 
0034. An apparatus according to the invention is able 
automatically to evaluate the proportions of healthy and 
diseased tissue and the intensity of bacterial invasion. 
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0035. With an apparatus according to the invention the 
lateral dimension of the working head of the apparatus 
which can be introduced into the tooth pocket is particularly 
Small. It can thus also be used for filming narrow periodontal 
pockets. 
0.036 An apparatus according to the invention is able to 
measure Simultaneously the root neck of a tooth and the 
inner Surface of a periodontal pocket located next to the 
latter. 

0037. An apparatus according to the invention allows 
Sequential Surveying of individual Strip regions of the tissue 
areas to be assessed and Simultaneously ensures that the 
individual Strip images can be automatically combined to 
give an overall two-dimensional image. 
0038. The achievement of the further development of the 
invention is to hold the photoconverters and the image 
converters at a distance from the lateral areas of a tooth 
pocket. 

0039. It is also known perse about the sector, mentioned 
at the outset, of the treatment of malignant and nonmalignant 
tissue abnormalities that the modification Substances which 
are used therein and intervene in porphyrin metabolism 
bring about a photoSensitization preferentially of the dis 
eased cells. This photoSensitization can be used to damage, 
by intensive beaming in of light of a Suitable wavelength, 
these diseased cells So that they die. Such procedures are 
used in particular for the treatment of bladder carcinomas, 
brain tumors or carcinomas of the oral cavity. 
0040. The invention indicates an apparatus which utilizes 
for therapeutic purposes a photosensitization of diseased 
cells which has taken place in periodontal pockets. 
0041. On use of a flat light source for the therapy it is 
possible with an apparatus according to the invention to 
Shield healthy tissue regions in the vicinity of a diseased 
tissue region from the therapeutic light and thus preclude 
damage to these regions. 
0042. The further development of the invention facili 
tates on the one hand the attachment of the mask parts and 
furthermore ensures that the mask parts also remain in the 
correct position during a prolonged treatment. 
0043. The choice of the wavelength of the therapeutic 
light according to the invention is advantageous in relation 
to maximally effective use thereof. 
0044) If it is wished to beam therapeutic light into a 
periodontal pocket through the open end of the latter, there 
is firstly the disadvantage that the periodontal pocket must 
be held open during the prolonged treatment, which causes 
pain, and Secondly that the interior of the periodontal pocket 
is possibly not irradiated uniformly. The further develop 
ment of the invention permits therapeutic light to be Sup 
plied two-dimensionally from the Side through the gingiva. 
This eliminates the risk of Shadows in the irradiation area. 

0.045 With an apparatus according to the invention thera 
peutic light which is reflected from the tissue Surface to be 
treated or from tissue located behind this is reflected a 
Second time into the treatment Zone. This results in a better 
yield of therapeutic light. 
0046) The achievement of the further development of the 
invention is that the therapeutic light reaches the Site of 
administration with Small Scattering and refraction losses. 
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0047 The further development of the invention is advan 
tageous for larger irradiation areas because the therapeutic 
light is uniformly distributed. 
0048. The further development of the invention offers the 
advantage of a very high luminance for a short time but on 
average only slight thermal StreSS on the irradiated tissues. 
0049. The further development of the invention is advan 
tageous in relation to protection of the applied modification 
material from interfering environmental effects. 
0050. An apparatus according to the invention can be 
used both as diagnostic apparatus and as therapeutic appa 
ratus, it being necessary for changing over between these 
two modes of operation only to change the different filters 
placed in the light path between white light Source and 
irradiation Site. 

0051. The further development of the invention is advan 
tageous in relation to effective feeding of light into a 
periodontal pocket. In this case it is unnecessary to open the 
periodontal pocket widely, and it is possible, by moving the 
light output element in a direction which is circular relative 
to the tooth axis (peripheral direction) also to carry out 
irradiations of different Strengths according to a previously 
measured Spatial distribution of the diseased cells, where 
appropriate at different Sites of the root neck or the inner 
Surface of the tooth pocket. 
0052. In this connection, the further development of the 
invention is advantageous when a larger irradiation area is 
desired with Small dimensions of the light output element. 
0053 With the further development of the invention, 
refraction and Scattering losses on inner boundary area 
which lie between the light output element and the area to be 
irradiated are kept Small. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0054 The invention is explained in detail below on the 
basis of exemplary embodiments with reference to the 
drawing. In this, 
0055 FIG. 1 shows a section of the heme circulation on 
the basis of which the photosensitization- of cells is illus 
trated; 

0056 FIG. 2 shows an axial section through a tooth and 
adjacent Soft tissue, and a lateral view of an applicator for 
material bringing about photoSensitization of diseased cells 
or of bacteria; 

0057 FIG. 3 shows a similar depiction as FIG. 2, but 
representing a modified applicator; 
0058 FIG. 4 shows an axial section through an applica 
tor which has been modified again, similar to that of FIG. 2; 
0059 FIG. 5 shows an axial section through a diagnostic 
apparatus for measuring the Spatial distribution of diseased 
cells in a tooth pocket, and the assigned evaluation elec 
tronics, 

0060 FIG. 6 shows a transverse horizontal section 
through the Sensor head of the diagnostic apparatus shown 
in FIG. 5 on an enlarged scale; 
0061 FIG. 7 shows a mask part as used for pergingival 
irradiation of a periodontal pocket; 
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0.062 FIG. 8 shows a transverse section through a light 
distributor guard as used for therapeutic purposes, and 
0.063 FIG. 9 shows a sealing cap by means of which 
material, which has been introduced into a gingival lacuna 
for modifying the optical properties of diseased cell, is 
Sealed off from the oral environment during the exposure 
time. 

DETAILED DESCRIPTION OF AN 
EMBODIMENT OF THE INVENTION 

0.064 FIG. 1 shows a section of porphyrin biosynthesis 
in a eukaryotic cell. The fluorescent Substance which permits 
cells with enhanced metabolism (usually diseased cells) to 
be distinguished from normal cells is the protoporphyrin 
which is present before the last Synthetic Step. An increase 
in the amount of protoporphyrin present in a cell can be 
achieved firstly by increasing the concentration of the Start 
ing material of a precursor which increased protoporphyrin 
formation, or by reducing protoporphyrin breakdown by 
reducing the amount of iron available for the last Synthetic 
Step. Substances which act in the latter Sense are referred to 
in the patent claims and hereinafter as modification Sub 
StanceS. 

0065. In the part of the heme cycle which is evident from 
FIG. 1, the 5-aminolevulinate synthase involved in the first 
Synthetic Step depicted is a pacemaker enzyme. This means 
that this enzyme controls the Overall rate of the Subsequent 
part of the synthesis. For this reason, other reactants which 
take part only in earlier Synthetic Steps which are not 
depicted in FIG. 1 are ruled out as modification substances. 
On the other hand, Suitable reactants are those which take 
part in that part of the Synthetic chain which lies between 
5-aminolevulinic acid and protoporphyrin (including these 
Substances). 
0.066 The individual synthetic steps are evident in detail 
from FIG. 1, as are the molecules involved in them. To this 
extent it is possible to dispense with a detailed description of 
FIG. 1. Reference should also be made to the effect that 
5-aminolevulinate synthase is inhibited in its effect by free 
heme repressively and by allosteric inhibition (that is to say 
twice). Protein-bound heme has, by contrast, no such inhibi 
tory function. The heme cycle is automatically controlled in 
this way. The pacemaker function of 5-aminolevulinate 
synthase is evident from the comparatively short half-life of 
only 80 minutes. 
0067. The modification substance currently preferred is 
synthetic 5-aminolevulinic acid hydrochloride which is 
obtainable commercially without difficulty (Merck, Art. No. 
124802-0500; L 326102). 
0068. It is clear from the above descriptions that the 
waiting time between application of the material containing 
the modification Substance, which is about 2 hours in the 
case of aminolevulinic acid, until diagnosis can take place 
can be shortened by using more advanced metabolic inter 
mediates of the Synthesis, for example porphobilinogen, 
uroporphyrinogen III or coporphyrinogen III. Also very 
Suitable is uroporphyrinogen I or its metabolic precursors, 
which leads to more pronounced photoSensitization and is 
therefore particularly Suitable also for therapeutic purposes. 
0069. Other modification substances which can be used 
are agonists and/or antagonists of the metabolic enzymes. 
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For example, a coSynthase inhibitor with Simultaneous 
administration of the Starting Substances, for example of 
aminolevulinic acid, promotes the formation of the metabo 
lite uroporphyrinogen I with Subsequent modified metabolic 
parts. This results in improved photoSensitization of the 
regions which show increased deposition of these metabolic 
products. 

0070) Substances influencing the breakdown of protopo 
rhyrin which should be mentioned are ferrochelastase 
antagonists or iron complexing agents Such as deferoxam 
ine. These increase the amount of protoporphyrin appearing 
in the fluorescence on defined addition of the other meta 
bolic products (where appropriate also in addition to an 
increased protoporhyrin formation due to other Substances). 

0071. After the details of the modification substances 
which can be used have been set forth above, the basic 
material is explained in detail below. 

0072 The basic material has the task of keeping the 
modification Substance in the vicinity of the tissue region to 
be treated or of the cells to be modified. For this reason, the 
basic material should according to the invention have 
dimensional Stability. This does not mean dimensional Sta 
bility in the sense of solid bodies or bodies fabricated from 
elastomeric material, but means a dimensional Stability 
better than that of low-viscosity fluids such as water, alcohol 
etc. In this Sense, dimensionally Stable materials are also 
oil-like Substances or gels. 

0073. In this connection, hydrophilic basic materials have 
the advantage that they combine well with the neck of the 
tooth or the inside of the pocket, whereas hydrophobic 
materials are kept floating in the pocket fluid or, if they are 
oil-like materials, may displace the Sulcus fluid if this is 
desired in order to diagnose only the bacteria adhering to the 
neck of the tooth and the inside of the gingiva. 

0074. A first group of suitable basic material are sub 
Strates having cavities. The modification Substance itself or 
a Solution of the modification Substance in a polar or 
nonpolar Solvent can be taken up in the cavities thereof, the 
Viscosity of any Solutions used being chosen according to 
the Structure of the cavities of the Substrate and according to 
the chemical nature of the Substrate material in relation to 
the desired length of the modification substance delivery 
time. 

0075 Examples of three-dimensional open-pore sub 
Strates are, for example, Substrates which are formed by 
arrangements of Small tubes, Structured foams, Sintered 
materials (also of organic materials Such as PTFE) etc. 
0076 Examples of two-dimensional open-pore substrates 
are wovens, knits, nonwovens, Scrimns. 

0077. The modification substance, if it is present in 
Solution, is incorporated into these open-pore Substrates by 
capillary action and/or the action of pressure. If the modi 
fication Substance is in Solid form (for example powder), it 
can be combined with the open-pore Substrate by mechani 
cal working (for example rolling in mechanically, in which 
case the particle Solution and modification Substance inter 
lock mechanically with the substrate. Modification Sub 
stance in powder form can also be compressed or combined 
using a binder with basic material in powder form. 



US 2004/0248061 A1 

0078. A second group of Substrates have a closed surface. 
Examples are plastic sheets, for example polyethylene 
sheets. Other examples of two-dimensional Substrates are 
membrane-like Structures. 

0079. With them it is possible to combine of the particles 
of the modification Substance with the Substrate using adhe 
Sives which are at least temporarily stable under the use 
conditions, or else briefly heat a Substrate which can be 
Softened and is fabricated, for example, from thermoplastic 
material, So that it enters a tacky State, and blow the material 
of the modification substance which is in powder form onto 
the tacky Surface. It is possible analogously with other 
plastic materials to bring the Surface of the Substrate into a 
tacky State by partial chemical dissolution, and then likewise 
to pass powder as modification Substance onto the Surface. 
0080. Another group of basic materials are water-soluble 
gels. The modification Substance can be incorporated even in 
high concentration into the latter. 
0081. It is important that such gels are not dissolved too 
quickly before delivery of the modification Substance and 
before the necessary metabolic action time has elapsed, and 
is washed out of a periodontal pocket. The gel (all its 
ingredients apart from the modification Substance) should 
have no adverse effect on the metabolic activity or vitality of 
bacteria or defense cells. 

0082 It is possible to use inorganic gels (gelation through 
addition off thixotropic fillerS Such as pyrogenic Silicon 
dioxide or aluminum dioxide) and/or organic gels (for 
example hydroxyethylcellulose gel etc.). Substances like 
modified waterglass can also be used. (Inorganic) glycerol 
based thixotropic gels are preferred. 

0.083. Other basic materials are materials which harden in 
situ, in particular coating or film-forming Substances which 
contain the modification Substance and are applied in situ, 
where they form a film resistant to the Surrounding medium. 
0084 Another alternative consists in putting modification 
Substance in powder form or a modification Substance 
Solution into a microbag with permeable walls. 
0085. The modification material consisting of basic mate 
rial and modification Substance contains the modification 
Substance in a proportion of about 0.5 percent by weight up 
to about 50 percent by weight. Preferred concentrations are 
between 5 percent by weight and 40 percent by weight, 
further preferably between 10 and 20 percent by weight. 

0.086. It is common to the modification materials 
described above that they can be applied at the Site of use 
without additional introduction of considerable amounts of 
fluid, so that they do not wash out motile bacteria found in 
the periodontal pockets, and it is thus possible to measure 
unfalsified Starting conditions. The modification Substance 
becomes distributed by diffusion uniformly in the periodon 
tal pockets as far as the base of the pocket and into the 
interradicular regions. With the modification material com 
position mentioned above there is little or no adverse effect 
on the medium present in the periodontal pocket either. 
0087. The process for a diagnosis using a modification 
material of the gel type is now described in detail below. 
0088. In the initial diagnosis of a patient for periodontal 
disease or in a check of findings in the Sense of monitoring, 
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firstly the depths of the pockets Surrounding the individual 
teeth are measured, usually each at different sites and also in 
the region of any tooth furcations. This is done using a 
periodontal probe which is introduced into the pocket with 
a defined preSSure as far as the fundus of the pocket. 
Immediately after removal of the probe, the findings "bleed 
ing on probing” and “pus emergence' are recorded and 
correlated with the degree of inflammation. In this classical 
procedure, the contents of the tooth pocket are slightly 
changed by the probing. The way to avoid this is described 
in detail below. 

0089. In order to avoid inactivation due to light exposure 
or interactions with the hydrolytic gel, the gel is mixed and 
combined with the modification substance only shortly 
before use. The gel is adjusted to a pH in the Slightly acidic 
to neutral range, for example in the range between pH 4.5 
and pH 7.5. Adjusting the pH to about 5 has proved 
particularly advantageous. 
0090. To avoid inactivations during the storage time and 
with a view to extending the Storage time, the modification 
Substance is Stored Separately from the basic material and, 
where appropriate, in a buffer Solution (for example citrate 
buffer). One advantageous possibility for Storage is that in a 
two-chamber cartridge which is activated immediately 
before use by perforating the partition between the two 
chambers. The two components are then mixed together, for 
example in a mechanical Shaking mixer as is available in 
dental practices. Alternatively, modification Substance in 
powder form can also be mixed on a sterile plate with the 
basic material and then introduced, for example with a 
Sterile Spatula, into an applicator or dispenser. The latter type 
of procedure makes it possible for the user to choose the 
amount of modification Substance incorporated into a modi 
fication material differently according to his particular 
requirements. 
0091. The modification material produced in this way can 
then be introduced with a rod-like tool into the pocket and 
distributed there, and application preferably takes place with 
a needle. 

0092. The modification material is then left to act for 
about two hours on the cells to be investigated. Metabolism 
takes place there, in particular, as explained above, more 
Strongly in metabolically active cells. 
0093. After this action time, the investigation region is 
irradiated with an exciting light (violet exciting light in the 
case of 5-aminolevulinic acid) which is produced, for 
example, by filtering out the appropriate wave region from 
the light of a white light Source (for example halogen lamp, 
Xenon lamp). The fluorescence generated by the exciting 
light is observed using a filter located lacuna for the 
measurement light, either directly or using a television 
camera. Information about the amount and distribution of 
diseased cells in the tooth pocket, and thus about the extent 
of periodontitis, is obtained in this way. It is thus learnt 
where particularly affected tissue regions are located, and it 
is possible to take these into account in a particular manner 
in the Subsequent therapy. 
0094) Residues of the gel which are still present, and 
modification Substances released by the latter, are then 
washed out of the pocket. 
0095) Another exemplary embodiment may consist of, 
for example, impregnating paper with a Solution of the 
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modification Substance and cautiously pushing the impreg 
nated paper into the tooth pocket. The modification Sub 
stance is then released there and metabolized. After a 
Sufficient action time, the paper is removed and the fluores 
cence from the pocket is analyzed. 
0096. In a further modification it is also possible to place 
modification material directly in the immediate vicinity of 
the pocket inlet. In this case, owing to the concentration 
gradient of the modification Substance the latter migrates 
into the pocket. 
0097 AS explained above, determination of the depth of 
the pocket is always the first finding to be recorded. This 
determination inevitably leads to a slight change in the 
contents of the pocket. If it is wished to avoid Such a change, 
it is possible on the one hand to provide the determination 
of the depth of the pocket as last Step in recording the 
findings, but it is then necessary in Some circumstances to 
dispense with recording of the findings "bleeding on prob 
ing” and “pus emergence'. 

0.098 For this reason, it is proposed to combine the 
measurement of the depth of the pocket and the application 
of the modification material in one step. This is done by 
providing an application needle also with a gradation which 
allows the depth of the pocket to be measured. This is 
described in more detail below. 

0099. The equipment aspect of the invention is now 
explained in detail below, referring to FIGS. 2 to 9. 
0100 Reference numeral 10 in FIG. 2 designates a tooth 
which has a crown 12 and a root 14. Reference numeral 16 
designates the gum (gingiva) Surrounding the tooth. A peri 
odontal pocket 18 has formed at the upper end of the root 14 
between the root and the gum 16. A calculus layer 20 has 
formed on the neck of the tooth. 

0101 Between a section 22 of the jawbone and the root 
there is a layer 24 of periodontal fibers. 
0102) A needle which is designated overall by reference 
numeral 26 is introduced into the periodontal pocket 18 and 
is connected to a cartridge 28 which contains a modification 
material 30. For connection to the cartridge 28, the needle 26 
has a fastening part 32 which is connected to the cartridge 
housing which is designated by 34. A pointed end section 36 
of the needle 26 is introduced through a sealing wall 38 of 
the cartridge housing 34 into the modification material 30. 
0103) The modification material 30 can be forced through 
the needle 26 into the periodontal pocket 18 by manually 
moving a displacement piston which is not depicted in the 
drawing. An applied amount of modification material 30 
which is present in the periodontal pocket 18 is designated 
by 40 in the drawing. 

0104. If the needle 26 is positioned so that its lower end 
is adjacent to the base of the pocket it is also possible to 
measure the depth of the periodontal pocket on markS 42 
attached to the outside of the needle at the same time as 
introducing the modification material into the periodontal 
pocket. 

0105 For uniform filling of the entire periodontal pocket 
18, the needle is moved in the periodontal pocket 18 in the 
peripheral direction relative to the axis of the tooth 10 and 
while maintaining the alignment of the needle parallel to the 
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axis, so that the pocket is uniformly filled with modification 
material and, at the same time, Surveyed for its depth. 
0106 If required, an X-ray contrast agent can also be 
added to the modification material -at the same time-and, 
after the introduction of the modification material, the con 
tour of the periodontal pocket 18 can be recorded by an 
X-ray film. 
0107 Alternatively, as shown in FIG. 3, a short thin and 
Sharp needle 26 can be used in conjunction with a liquid 
modification material, and the modification material can be 
injected through the gum 16 into the periodontal pocket 18 
or into the regions of the gum 16 adjoining the latter. With 
this type of procedure, the contents of the periodontal pocket 
18 remain unchanged. The modification Substance again 
reaches by diffusion the inner surface of the periodontal 
pocket and the contents of the pocket. The further procedure 
after the injection of the modification material is the same 
again as described above. 
0.108 FIG. 4 shows a practical exemplary embodiment 
of an applicator 44 for modification material having high 
viscosity. Parts already mentioned with reference to FIG. 2 
are provided with the same reference numbers again. 
0109 The cartridge 28 has in the middle a partition 46 
which can be destroyed and which divides the interior of the 
cartridge into two chambers 48, 50, of which one (chamber 
48) contains the basic material 52, and the other (chamber 
50) contains the modification substance 54. One of the 
chambers (in this case chamber 50) contains a bead 56 which 
Serves to break open the partition 46 by hitting the cartridge 
against a hard Surface and to mix the contents of the two 
chambers 48 and 50, as usual with two-chamber cartridges. 
Depicted at the rear end of the cartridge 28 is a displacement 
piston 58 which is connected to a rack 60. The latter is 
coupled via a pinion 64 which is mounted on a housing 62 
of the applicator to another rack 66 which is mounted on the 
applicator housing 62 and can be moved in the longitudinal 
direction thereof. The rack 66 is connected to an actuation 
part 68. 
0110 Modification material lacuna discharged through 
the needle 26 by pushing the actuation part 68 in FIG. 4 to 
the right after breaking open the partition 46 and mixing the 
contents of the two chambers 48, 50. 
0111. In a modification of the exemplary embodiment 
described above, the actuation part 63 can also be connected 
directly to the displacement piston 58, which reverses the 
actuation direction of the applicator 44. 
0112) Observation of the fluorescence of the diseased 
cells or bacteria can in principle take place by lifting the 
periodontal pocket 18 up locally with a Suitable instrument, 
illuminating the entire region of the periodontal pocket 18 
with the exciting light of 375 nm to 440 nm, and viewing 
with the eye the red fluorescence directly with the eye 
through an observation filter which is transparent in the 
region of the red emission spectrum of the fluorescent 
protoporphyrin The implement used to abduct the gum is 
then moved in a circular direction in order to inspect the 
various Sections of the periodontal pocket Successively. In 
this way, a picture of the extent of the periodontitis and of 
the spatial distribution of the diseased areas is obtained. The 
background light which is seen as Subdued green in this case 
permits spatial assignment of the fluorescent regions to the 
individual dentition situation. 
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0113) If required, with this direct visual inspection of the 
fluorescence it is possible for an observation filter which is 
transparent in the red to be incorporated into spectacle 
frames worn by the clinician or to be designed as an 
attachment in front of Spectacles. Alternatively, the obser 
Vation filter can be attached to a different part, for example 
to the implement used for partial opening of the periodontal 
pocket, to any light guide used to Supply the exciting light, 
or as elastic filter which adapts elastically to the Surround 
ings with adaptation of a light guide and thus can be 
provided directly at the point of emergence of the fluorescent 
light. If a Video camera is used for observation, the obser 
Vation filter can be placed on its lens. 
0114. For simple illumination and inspection of the inte 
rior of the periodontal pocket, it is also possible to use a 
diagnostic apparatus as depicted in FIGS. 5 and 6. This 
diagnostic apparatus consists of a handpiece which is des 
ignated overall by reference numeral 70 and of a supplier 
and evaluation unit 72 which is designated overall by 
reference numeral 72 and which is connected to the hand 
piece 70 by a cable 74. 
0115 The handpiece 70 has a grip part 76 in which a bar 
78 having a rectangular croSS Section is displaceably 
mounted. The bar 78 has a flange 80 which is displaceable 
in a Spring chamber 82 and is pretensioned by a helical 
preSSure Spring 84 in a retracted position to the right in the 
drawing. 
0116. A sliding part 88 can be displaced in a recess 86 in 
the grip bar 76 and has on its two lateral Surfaces guide ribs 
90 which cooperate with matching guide grooves 92 in the 
lateral Surfaces of the recess 86. The sliding part 88 has a 
catch 94 which cooperates with the flange 80. 
0117 The front end, which is located on the left in FIG. 
5, of the bar 78 has a working head 96 which has only small 
dimensions in the direction perpendicular to the plane of the 
drawing in FIG. 5, for example is 0.5 mm to 1 mm thick. 
0118. The working head 96 comprises rod-like elements 
which are located in the plane of the drawing in FIG. 5 and 
follow one another closely, every Second of which is a light 
output element fabricated of a material which is transparent 
for the exciting light, two of which are show in the drawing 
at 100 and 102, and the others are line image converters, of 
which two are shown at 104 and 106. One of, these points 
its active side forwards and the other backwards. 

0119). In the depicted exemplary embodiment, the line 
image converters 104,106 are located on both sides of the 
light output elements 100, 102. In a modification, it is also 
possible to provide only one Single light output element, 
which is then arranged between the two line image convert 
ers. Rod-like spreading elements 108, 110 are located on 
both Sides of the arrangement formed by the light output 
elements 100, 102 and the line image converters 104, 106 
and have Somewhat larger dimensions in the direction per 
pendicular to the plane of the drawing in FIG. 5 than do the 
light output elements and line image converters, for example 
are 0.2 mm larger than the latter. In this way, the forces 
acting on the light output elements lacuna line image 
converters on displacement of the working head 96 into a 
tooth pocket are kept Small. 
0120) The light output elements 100, 102 are connected 
to light guides 112, 114 which are embedded in the bar 78 
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and are connected via flexible light guide Sections, which 
have Slack, to connections of a plug connector part 116. 
0121 The line image converters 104,106 are connected 
to cables 118, 120 which likewise extend through the bar 78 
and are connected via cable Sections, forming Slack, to 
assigned connections of the plug connector part 116. 
0122) A position indicator 122 is provided to determine 
the instantaneous position of the bar 78, and its rod-like 
input past 114 cooperates with the rear side of the flange 80. 
The output signal from the position indicator 122 is passed 
via another line of the cable 74 to another connection of the 
plug connector part 116. 
0123 The various connections of the plug connector part 
116 are connected via the cable 74 to the Supply and 
evaluation unit 72. The cable 74 contains two light guides 
128, 130, whose ends are joined at a point, for Supplying 
light to the light output elements 100, 102. This point is 
connected to the output of an exciting light Source which is 
designated overall by reference numeral 132. The latter 
comprises white light source 134 which can be formed, for 
example, by a Xenon Short-arc lamp, a double collimator 
136,138 and a color filter 140 which can be placed in the 
latter and which is transparent in the violet. 
0.124. The cable 74 additionally contains three lines 142, 
144,146, which pass the output signals of the two line 
sensors 104, 106 and the output signal of the position 
indicator 122 to assigned inputs of a computer 148. The 
latter comprises interalia a CPU 150 and an image store 152. 
0.125 Roughly speaking, the computer operates in Such a 
way that it files the lacuna from the line sensors 104,106, 
addressing a signal derived from the output signal of the 
position indicator 122, in the image Store 152 So that a 
two-dimensional image of the outside of the neck of the 
tooth or the inside of the periodontal pocket is obtained in 
the image store 152 by moving the working head 96 on the 
sliding part 88 while holding the grip part 76 unchanged, for 
example Supported on adjacent teeth. 
0.126 The computer 148 is also able to determine, taking 
account of the number and intensity of pixels whose color 
corresponds to the fluorescent light, what proportion of the 
Surveyed Surfaces is diseased or affected. 
0127. The computer 148 is also able to carry out con 
ventional image processing in order to Sharpen the contrast, 
alter the Scale of the image etc. 
0128. The computer 148 is able to output the images, 
which have been reworked where appropriate, on a Screen 
154 or a color printer 156. A keyboard 158 serves for 
adjustment of the image analysis required in each case. 

0129. It is evident that the diagnostic apparatus shown in 
FIGS. 5 and 6 is able to give an image of the region of the 
neck of the, tooth which predetermines the one side of the 
tooth pocket, and of the part of the gum adjoining the other 
Side of the pocket, under the restricted conditions in a tooth 
pocket with negligible deformation of the tissue adjoining 
the tooth pocket. 

0.130. With the exemplary embodiments described above, 
the modification material was used to mark diseased regions 
via their optical properties and thus make a visual check 
thereof possible. The modification material can, however, 
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also be used for therapeutic purposes. The modification 
material is again placed, in any one of its embodiments 
described above, on the diseased Sites. After an action time 
of at least 60 to 80 minutes, preferably about 120 min, the 
diseased cells are photoSensitized as has been described 
above. These photosensitized cells can now be damaged by 
intense irradiation with light to Such an extent that they die. 
For this purpose it is possible to allow, for example, white 
light to act with an illumination of 0.3 W/cm' for a period 
of 1 min, which results in a significant reduction in Vital 
bacteria in the periodontal pocket, which persists for periods 
of Several weeks. 

0131 Such an intense irradiation with white light also 
adversely affects healthy tissue regions, although they are 
not damaged So much that they die. In order to avoid or 
minimize Such temporary tissue damage it is possible to use 
mask parts which cover the adjacent healthy tissue regions 
during the irradiation. 

0132 FIG. 7 shows such a mask part 160, which is 
designed like a guard So that it covers a plurality of adjacent 
teeth. The channel is preferably resilient so that the mask 
part 160 can be locked on the group of teeth with a side 162 
of the channel located in front of the group of teeth and with 
a corresponding Side located behind the group of teeth. A 
recess 164 defining the irradiation site is provided in the 
front side 162. 

0133. The mask part is preferably a disposable part 
thermoformed from plastic sheet, with black pigments being 
incorporated into the plastic material in Sufficient concen 
tration for the material to absorb white light well. 
0134. In cases where a group of teeth are to be treated in 
the same way, it is possible as shown in FIG. 8 to provide 
a distributor guard 166 which is likewise placed on a group 
of teeth and has on the inner Surface a highly reflecting layer. 
The distributor guard 166 has a side 168 located in front of 
the group of teeth and a side 169 located behind the group 
of teeth and is again elastically deformable and can thus be 
clipped onto the group of teeth. In this case, the Sides are 
now however, each bent inwards, as indicated at 170, so that 
a light distribution channel 172 remains over the teeth. The 
therapeutic light is fed into the latter from one or both of the 
front sides. The side-connecting section 174 at the top of the 
distributor guard 166 has a plurality of, for example, pyra 
midal elevations 174 which project into the inside of the 
light distribution channel 172 and whose height increases 
from the end of the distribution guard to its middle (on 
irradiation from both sides) or from one end to the other end 
(beaming in light from one side). In this way, the consecu 
tive tooth pockets are irradiated in the same way by a single 
irradiation procedure. 
0135) If longer-term irradiation is necessary, the tissue 
regions adjacent to the irradiation site which are to be 
protected can additionally be cooled by a fine water Spray or 
by cooling air in order to preclude the pain which is 
occasionally experienced by the patient during photody 
namic therapy. 

0.136 The use of visible light requires free access to the 
area to be irradiated. This must often be created by lifting the 
gum away from the neck of the tooth, which is unpleasant 
for the patient. Where Such an opening of the tooth pockets 
is unwanted, the photodynamic therapy can also be carried 
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out from the Side through the gingiva. This is done by using 
light which is only slightly absorbed or not absorbed by the 
water-containing gingiva. Infrared light or longer-wave 
length electromagnetic radiation Such as microwaves com 
ply with this requirement. 
0.137 In terms of the equipment setup necessary overall 
for diagnosis and photodynamic therapy, it is advantageous 
if the same apparatus can be used with Small modifications 
on the one hand for diagnosis and on the other hand for 
therapy. This is possible with the apparatus shown in FIG. 
5, by replacing the color filter 140 by another color filter 
which is transparent in a wavelength range favorable for the 
therapy. In this case, the therapeutic light is also Supplied 
directly to the treatment Site via the light output elements 
100, 102. If it is wished to protect the line sensors 104,106 
from Severe radiation exposure as is occasionally desirable 
in photodynamic therapy, it is possible to use for the therapy 
a modified handpiece which has only light output elements 
100, 102, which are then provided in larger numbers. 
0.138. In a further modification of the last-mentioned 
exemplary embodiment, the large number of rod-like light 
output elements 100,102 etc. which are located side by side 
can be replaced by a Single light output element in plate 
form. This can then be provided with Scaly Surface asperities 
or be provided in the Volume with Scattering centerS Such as 
metal particles, bubbles or the like (this measure can also be 
provided for the light output elements of the diagnostic 
working head 96), in order to ensure omnidirectional output 
of therapeutic light. The light output elements can also 
consist of an elastic material which is transparent for the 
therapeutic light, So that the light output elements can be 
adapted to the shape of the neck of the tooth or of the 
periodontal pocket. 
0.139. It is possible analogously, in a modification of the 
exemplary embodiment shown in FIG. 5, also to use for a 
diagnostic handpiece flexible light output elements 100,102 
and flexible line sensors 104,106, which adapt to the shape 
of the periodontal pocket. 

0140) If the dimensions of the working head 96 of a 
therapeutic handpiece as has been described above are Small 
in the longitudinal direction of the bar 78, the various 
regions of the periodontal pocket are irradiated Successively 
by displacing the working head. The irradiation time can 
then be used to take account of the particular diseased State 
of the periodontal pocket region which has just been treated. 
If working heads of greater length are chosen, it is possible 
to irradiate one periodontal pocket in one procedure, but 
Specific account cannot be taken of regions diseased to 
different extents. 

0.141. It is true both of diagnostic handpieces and of 
therapeutic handpieces when reflection and Scattering losses 
on internal interfaces of the light path between light Source 
and region to be illuminated or irradiated of the periodontal 
pocket or of the neck of the tooth are minimized. This can 
be done by providing coupling media with Suitable refrac 
tive indeX between the light output elements and the regions 
to be illuminated or irradiated. Examples of Such coupling 
media are transparent gels Such as glycerol gel. If the 
periodontal pocket is Sealed to the outside, it is also possible 
to use fluids Such as water. The function of a coupling 
medium can also be fulfilled by hardening “gels' or plastics 
Such as transparently polysiloxanes. 
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0142. In a further modification of the exemplary embodi 
ments described above, the modification material and/or the 
coupling medium may be mixed with other Substances 
which either favor the Subsequent course of the investigation 
(for example agents which stop bleeding) or are advanta 
geous in terms of prophylaxis and/or medical therapy. Men 
tion should be made here of fluorides, disinfectants Such as 
chlorhexidine, desensitizing Substances Such as Strontrium 
or potassium containing compounds, antiadhesives Such as 
delmopinol or tricloSan etc. It is possible in this way to use 
the time required for the photoSensitization also for thera 
peutic or prophylactic measures. 
0143 Continuously operating light sources were used in 
the exemplary embodiments described above. It is self 
evident that flashing light Sources Such as Strobe lights can 
also be used in particular for photodynamic therapy. It is 
moreover possible in photodynamic therapy to reduce any 
pain reaction, and minimize the risk of thermal damage to 
Surrounding healthy Soft and/or hard tissues, by adjusting 
the ratio between the flash duration and the time between 
flashes. Such flashing light Sources can be used both for 
direct illumination or irradiation or else for illumination or 
irradiation via light output elements introduced into the 
pocket or for illumination or irradiation of a multiplicity of 
tooth pockets through a reflecting distributor guard, as 
described above. 

0144. As shown in FIG. 9, modifying material 40 intro 
duced into a periodontal pocket 18 can be protected against 
fluid in the mouth and against release of modification 
Substance into the oral cavity by Sealing the upper open end 
of the periodontal pocket off from the oral cavity with an 
elastic protective cap 176. The latter can be attached 
mechanically, for example by a wire clip, to the tooth 10 or 
teeth adjacent thereto, or be held in place by reduced 
pressure, for which purpose it has a tube 180 which can be 
connected to a Source of reduced pressure. 
0145 The invention has been described above with ref 
erence to photodynamic diagnosis and with reference to 
photodynamic therapy. In practice, these possible uses of the 
invention will be combined with other periodontal therapeu 
tic methods, in particular with ultrasound therapy. 
0146 The photodynamic diagnosis according to the 
invention is advisable in parallel with any conventional 
periodontal diagnosis, in particular when there are findings 
leading to Suspicion of established marginal periodontitis. 
After active lesions have been marked in fluorescence 
contrast as described above, Subsequent photodynamic 
therapy is advisable in order to reach the inflammatory 
correlates and causative bacteria even in Sections of the 
periodontal pockets which are not accessible to conventional 
mechanical methods or to an ultraSonic therapeutic method. 
It is thus possible by use of the invention for the first time 
to control effectively bacteria which have also infiltrated into 
the pocket epithelium and into adjacent connective tissues 
dispensing completely with antibiotics and Substantially 
avoiding Systemic side effects. 
0.147. After completion of the photodynamic therapy 
(and, where appropriate, after renewed diagnosis), Subse 
quently a conventional mechanical cleaning or rinsing of the 
affected periodontia is carried out, preferably an ultraSonic 
therapy is carried out. The latter has the great advantage that 
any residues of gel and photodynamically inactivated bac 
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teria are removed particularly effectively from the pocket 
thereby. Any bacteria which have not been photodynami 
cally inactivated are also effectively removed by the ultra 
Sound-induced liquid shear movements, by gravitation, by 
evolution of heat or (in the case of bacteria adhesively bound 
to tooth or other tissue Surfaces) by mechanical abrasion. 
0.148. During the re-evaluation of the findings which is 
necessary with periodontal treatments, the diagnosis accord 
ing to the invention is used again, by which means it is 
possible to assess the effects of therapy more differentially 
and with finer resolution than with previous diagnostic 
methods. This is a precondition for individual planning of 
the maintenance therapy in the Sense of (re)infection control 
and periodontal prophylaxis. 

014.9 The invention can also be made use of in the area 
of the diagnosis of caries lesion, especially at concealed Sites 
in the region of fissure caries and approximal caries. 
0150. The diagnosis is performed in analogy to the above 
description of periodontal diagnosis. This is because the 
caries-causing bacteria (streptococci) are likewise metaboli 
cally active. Their acid production is the cause of the caries. 
The affected hard Substance Surfaces by contrast display no 
metabolism (in the Sense relevant here), which is why good 
contrasts are produced between bacterial layerS and the tooth 
Surface. Although intrinsic fluorescence effects of the hard 
Substance of the tooth are Superimposed here in Some cases, 
they are of only minor importance. 
0151. Application of the modification material must 
again take place in Such a way that the modification Sub 
stance is kept on the areas in question of the Surfaces of the 
hard Substance of the teeth for a time sufficiently long for 
metabolism under the Surrounding conditions. Solvent-con 
taining Surface coatings, for example based on resins or wax, 
for example collophony, shellac etc., are therefore particu 
larly suitable as basic material. Hydrophilic Substrates which 
adhere well to the surfaces of the teeth for the time necessary 
for metabolism, even with access of Saliva, are preferred. 
0152. It is also possible initially to apply modification 
materials which comprise hydrophilic gels as basic material, 
as described above in connection with periodontal diagnosis, 
for example glycerol gel. These materials can then be coated 
with another material, preferably a Surface coating of the 
type mentioned above, for long-term Stabilization at the Site 
under consideration. 

0153. Basic materials alternatively suitable for the modi 
fication substances to be metabolized by the bacteria or for 
coating initially applied modification materials are also 
plastics, for example siloxanes, polyethers, or else materials 
based on agar. Also Suitable is protection of the applied 
modification material by applying an overimpression or by 
putting on an isolating guard which Separates the model 
material from the interior of the oral cavity. 
0154) The use described above of the diagnosis according 
to the invention for identifying caries permits in critical 
cases the identification of an initial caries lesion, in particu 
lar after previous Surface cleaning of adsorbed plaque from 
the affected Surfaces of the teeth. This is attributable to the 
fact that the modification Substance and the metabolic prod 
ucts diffuse into the Surface edge Zones or defects below the 
Surface of the hard Substance of the teeth, which makes 
quantifiable diagnosis of Structural intrusions possible. Valu 
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able information is thus obtained as a Secure basis for a 
therapeutic decision. Quantitative evaluation of the fluores 
cence diagnosis makes it possible, in particular with inter 
faces of invasive diagnosis, to monitor the course in the 
Sense of caries caries monitoring and, where appropriate, 
also to monitor therapeutically induced Stagnation or rem 
ineralization. The use of video technology with suitable 
filters and Subsequent image analysis is also advantageous in 
this application. 

O155 Unlike the periodontal application, in which float 
ing plaque is present, which is easy to wash out of the 
periodontal pocket, cariogenic plaque firmly adheres to the 
Surface of the tooth. For better infiltration of the modifica 
tion Substance into Surface defects, therefore, application 
using a closed Suction cap or an impression tray placed over 
the area to be investigated in a fluid-tight manner has proved 
Suitable, in which case the penetration of the modification 
material into the Surface defects can be assisted by alternat 
ing pressure application to the interior of the Suction cap or 
the impression tray. This results in a pumping effect which 
is brought about by positive and negative preSSure peaks. 
0156 The caries diagnosis according to the invention is 
also used particularly advantageously in the edge region of 
dental restorations. If incipient caries is identified there, it is 
possible by diffusion, assisted where appropriate by alter 
nating pressure application as described above, of an active 
Substance into edge fissures, which are leaky and colonized 
by bacteria, of fitted dental restorations to control effectively 
the caries in the initial Stage and avoid remaking of the 
dental restoration. Leakage phenomena which make remak 
ing of the dental restoration necessary in the long term can, 
in particular, be reliably identified by the fluorescent caries 
diagnosis. 

What is claimed is: 
1. An apparatus for determining optical properties of cells 

which have been treated with a modifying material, the 
apparatus comprising: 

a Source of exciting light; 

an observation unit for measuring light returning from the 
cells, 

at least one light output element to which the Source of 
exciting light is coupled, the at least one light output 
element comprising a rod or plate or a two-dimensional 
light output element which has a Small thickness, the at 
least one light output element being adapted to be 
introduced parallel to an axis of a tooth into a peri 
odontal pocket assigned to the tooth; and 

wherein the observation unit has at least one image 
converter adapted to be introduced parallel to the axis 
of the tooth into the periodontal pocket. 

2. The apparatus according to claim 1, further comprising 
a computer which analyzes output Signals of the at least one 
image converters in relation to a size of image regions of 
different color. 

3. The apparatus according to claim 1, wherein the at least 
one image converter is a line image converter. 

4. The apparatus according to claim 1, wherein two image 
converters whose active areas face in opposite direction are 
provided. 
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5. The apparatus according to claim 1, further comprising: 
a working head which includes at least one light output 

element and at least one image converter and which is 
displaceably carried by a base part, and 

a position indicator which measures a relative position 
between the working head and the base part, an output 
Signal of the position indicator being used for address 
ing an image Store. 

6. The apparatus according to claim 5, wherein the 
working head includes spreading means which lift walls of 
a periodontal pocket to be investigated away from the at 
least one light output element and the at least one image 
COnVerter. 

7. The apparatus according to claim 1, wherein a refrac 
tive index of the at least one light output element which is 
produced from transparent material is chosen So that dif 
fraction and Scattering losses at an interface to fluid present 
in the periodontal pocket are kept Small. 

8. The apparatus according to claim 1, wherein the 
modifying material is a periodontological material for modi 
fying the optical properties of cells comprising: 

a basic material; 
a modification Substance distributed in the basic material 

at a prescribed concentration, wherein the basic mate 
rial comprises a Viscous fluid, a gel, a two-dimensional 
or three-dimensional porous Substrate or a material 
which hardens in Situ, 

wherein the modification Substance increases the amount 
of protoporphyrin formed in a heme cycle; and 

wherein the modification Substance comprises either a 
Substrate for enzymes which are active after 5-aminole 
Vulinate Synthase up to protoporphyrin Synthesis, or an 
antagonist of the protoporphyrin-degrading ferroche 
latase or an iron-inactivating Substance. 

9. An apparatus for determining optical properties of cells 
which have been treated with a modifying material, the 
apparatus comprising: 

a Source of exciting light; 
an observation unit for measuring light returning from the 

cells, 

at least one light output element to which the Source of 
exciting light is coupled, the at least one light output 
element comprising a rod or plate or a two-dimensional 
light output element which has a Small thickness, the at 
least one light output element being adapted to be 
introduced parallel to an axis of a tooth into a peri 
Odontal pocket assigned to the tooth; 

wherein the observation unit has at least one image 
converter adapted to be introduced parallel to the axis 
of the tooth into the periodontal pocket; 

a computer which analyzes output Signals of the at least 
one image converters in relation to a size of image 
regions of different color; and 

wherein the modifying material is a periodontological 
material for modifying the optical properties of cells 
comprising: 

a basic material; 
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a modification Substance distributed in the basic mate 
rial at a prescribed concentration, wherein the basic 
material comprises a Viscous fluid, a gel, a two 
dimensional or three-dimensional porous Substrate 
or a material which hardens in situ; 

wherein the modification Substance increases the 
amount of protoporphyrin formed in a heme cycle; 
and 

wherein the modification Substance comprises either a 
Substrate for enzymes which are active after 5-ami 
nolevulinate Synthase up to protoporphyrin Synthe 
sis, or an antagonist of the protoporphyrin-degrading 
ferrochelatase or an iron-inactivating Substance. 

10. The apparatus according to claim 9, wherein the at 
least one image converter is a line image converter. 

11. The apparatus according to claim 9, wherein two 
image converters whose active areas face in opposite direc 
tion are provided. 

12. The apparatus according to claim 9, further compris 
Ing: 
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a working head which includes at least one light output 
element and at least one image converter and which is 
displaceably carried by a base part, and 

a position indicator which measures a relative position 
between the working head and the base part, an output 
Signal of the position indicator being used for address 
ing an image Store. 

13. The apparatus according to claim 12, wherein the 
working head includes spreading means which lift walls of 
a periodontal pocket to be investigated away from the at 
least one light output element and the at least one image 
COnVerter. 

14. The apparatus according to claim 9, wherein a refrac 
tive index of the at least one light output element which is 
produced from transparent material is chosen So that dif 
fraction and Scattering losses at an interface to fluid present 
in the periodontal pocket are kept Small. 


