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1. De verbouwing van de subfaculteit Tandheelkunde te Utrecht is een

dure kroon op wanbeleid.

2. De selectie van waarnemers voor het bestuderen van röntgenfoto's

is een waarnemingsprobleem.

3. De grote variatie in de resultaten van donkerveld- en

fasecontrastmicroscopie van subgingivale plaque wekt niet de

verwachting dat deze methode een betere detector van parodontitis

activiteit zal worden dan de thans bekende.

4. De stelling: het gebruik van kernenergie verkregen door

kernsplitsing leidt tot kettingreacties van confrontaties, doet

de vraag rijzen of kernenergie verkregen door kernfusie tot

vreedzame coëxistentie leidt.

5. De onverwacht grote onbetrouwbaarheid van klinische meetmethodes

zoals gebruikt in de parodontologie toont aan dat de aandacht van

het onderzoek gericht moet zijn op de ontwikkeling van nieuwe

methodes met een lagere detectiedrempel.

Dit proefschrift

6. De motivatie tot het nemen van hygiënische maatregelen in de

tandartsprakijk ter voorkoming van de verspreiding van AIDS wordt

verminderd door dezelfde gevoelens als ontstaan bij de invoering

van cariës preventieve maatregelen.

7. Vanwege de slechte reproduceerbaarheid van de bloedingsneiging na

sonderen is deze methode niet geschikt cm de ontstekingsgraad van

het parodontium op één plaats betrouwbaar vast te stellen.

Dit proefschrift

8. Grootgebruikers in de gezondheidszorg dienen een korting te

krijgen bij commercialisering in deze zorg.

9. In de informatiemaatschappij heeft de direkteur geen computer op

zijn werkkamer.
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10. De kwantitatieve digitale subtractie techniek - met zijn lage

detectiedrempel voor het vaststellen van botveranderingen - zou

een belangrijke klinische meetmethode in de parodontologie kunnen

worden.
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11. Als de rechten van de mens met voeten worden getreden, vereist dat

een duidelijke stellingname. Het tijdelijke karakter van een

dictatuur levert geen verzachtende omstandigheden.

12. Biochemische analyse van de bestanddelen in gingiva-exsudaat uit

pockets waar een voortgaand weefselverlies is vastgesteld,

verdient extra aandacht gezien de hoge gevoeligheid van

gebruikte detectie-methodes.

13. De bewering: mijn werknemers zijn lui, duidt op een niet

excellente ondernemingsvisie.

14. Het gebruik van waarnemers voor de bestudering van subtractie-

beelden van niet optimaal gestandaardiseerde röntgenopnamen heeft

een onvoorspelbaar waarnemersgedrag tot gevolg. Kwantitatieve

technieken hebben daarom de voorkeur.

Dit proefschrift

15. Het verdient aanbeveling dat bij de beoordeling van subsidie

aanvragen voor een tandheelkundig laboratorium onderzoek, de

voorwaarde gesteld wordt dat deze een klinisch gedeelte bevat.

16. De concentratie van tandheelkundige opleidingen naar Amsterdam

doet denken aan goudvervangende legeringen: er kan corrosie

optreden.

17. Een vergelijking van de eisen die gesteld worden bij de benoeming

tot hoogleraar en die tot U.H.D. doet vermoeden dat de hoogleraar

eventueel bevorderd zou kunnen worden tot Ü.H.D.

en computer op 18. Wil het Nederlands tandheelkundig onderzoek voor de Nederlandse

tandartsen behouden blijven dan dient het Nederlands Tijdschrift

voor Tandheelkunde de klassificatie "hard core" tijdschrift te

verkrijgen. Hiervoor dient zij ook artikelen in de Qigelse taal op

te nemen.
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Chapter 1

General introduction.

Definition of periodontitis.

Periodontitis is an inflammatory disease of the periodontal tissues.

Regardless of its classification e.g. adult periodontitis, rapidly

progressing periodontitis and juvenile periodontitis, the disease is

characterized by a destruction of the periodontium, resulting in an

irreversible loss of periodontal ligament fibers and alveolar bone to

which the teeth are attached.

Periodontitis begins as a reversible inflammation of the gingiva.

This inf lammatory process may spread into the underlying tissues of

the periodontium. The concomitant destruction of the supporting

tissues will ultimately result in the loss of teeth.

It is widely aknowledged that the cause of periodontitis is to be

found in the bacterial flora along the gingival margin and in the

crevice between the gingival epithelium and the tooth: the pocket.

Progress of periodontitis.

Up to some years ago periodontitis was regarded as a slow continuously

progressing process. This conception had been derived from

interpretation of epidemiologic data which showed averaged values for

attachment loss of 0.1 mm to 2.46 mm per tooth per year, depending on

the population studied (Suani et al. 1971, Axelsson et al. 1978, LoS

et al. 1978, Becker et al. 1979, Socransky et al. 1984 and Albandar et

al. 1986).

It was recognized that some subjects, some teeth and some surfaces

were more affected than others. This uneven distribution is

attributed to different rates of progression of the disease process.

Since epidemiologic studies averaged data over long time intervals,

the history of individual pockets which may suffer from a

discontinuous disease process in a short time span, could no longer be

recognized as such.

Recent studies in which the individually periodontal site was the

observational unit and sequential probing attachment level



measurements were done with short time intervals of 1-6 months, have

shown that a relatively small proportion of existing pathologic

pockets increase in depth during the examination period. The majority

of pockets appeared to stay in a phase of remission ( Listgarten et

al. 1981, Goodson et al. 1982, Haffajee et al. 1983 and Socransky et

al. 1984). These studies seem to support the conception of an episodic

rather than a continuous process of periodontal tissue breakdown.

Diagnosis.

Loss of clinical attachment measured with the periodontal probe

(probing attachment level or attachment level measurement) ar.1

radiographic evidence of bone loss are considered the primary

characteristics of tissue breakdown caused by periodontitis.

Currently., probing attachment level measurements are most often used

for determination of changes in pericdontitis activity for several

reasons: 1. these measurements are easily feasible 2. the method is

not expensive 3. at the current state of understanding a significant

change in attachment level seems to be the earliest detectable event

(with radiographic evidence of loss of bone height following by

several months, Goodson et al. 1984) 4. patients are not exposed to

radiation. Unfortunately, these diagnostic tools have sane drawbacks:

the accuracy and validity of the methods used are questionable.

Table 1 shows different screening criteria, methods of analysis and

presumed type I-errors of studies which have reported about loss or

gain of periodontal tissues over a time period of one year.

The screening criteria from this Table indicate the low sensitivity of

the methods used. Besides, in these studies the error of probing

attachment level measurements is supposed to be normally distributed.

The screening criteria used in the quoted studies may contain a higher

percentage of false positive scores among the reported proportion of

pockets registered as having underwent changes than the supposed type

I-error may suggest.

Other diagnostic tools e.g. the measurements of the inflammatory

component by assessing the bleeding tendency* the quantity of gingival

exudate and visual examination of redness and swelling as well as

suppuration of the pocket or counts of the subgingival flora by

darkfield and phase contrast microscopy have all comparable drawbacks:
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screening method type proportion of pockets
criterion of I-error with
in ram analysis
attachment loss gain

Listgarten e t

Goodson et a l .

Haffajee e t a l

Lindhe e t a l .

Albandar e t a l

al.1981

1982

. 1983

1963

1986

3 irm

1-2 rnn

1-2 am
3 JII71

2.5 nui

2.5 ran

2 mn*

•p

regression

regression
running medians

tolerance

tolerance

tolerance

•j

2.8%

2.8%
0.003%
0.012%

0.012%

0.012%

5.8%

5.7%

5.1%
2.6%
2.8%

1.6%

5.5%

—

11.5%

2.3%
1.5%
1.2%

0.5%

3.8%

•measurements of bone heights on radiographs over a 2 years period.

Table 1. Proportion of pockets with significant changes in clinical attachment
level or proportion of pockets with significant change in bone height on
radiographs according to the screening criteria and method of analysis used.

the low accuracy of the method. Besides, it is not known whether such

diagnostic tools give reliable information about present and future

activity of the disease. The search for causative agents as well as

for indicators and predictors of disease progression is hampered by

the lack of accurate methods which reveal pericdontitis activity. The

missing link is a sensitive method for determination of pericdontitis

activity which can be used to study the relationship between different

aspects of the disease. Since such a method is not available yet, the

search for a better understanding of the etiology and pathogenesis of

the disease and the efforts for a more detailed treatment planning is

seriously hindered.

There is an urgent need for accurate, valid and sensitive diagnostic

tests to study the disease process longitudinally in carefully

designed studies in which the site as well as the patient can be used

as factors in the analysis. Such diagnostic tests may enable:

1. the recognition of periods of exacerbation and remission of the

disease activity at the individual site and in the subject.

2. the detection of local sites or subjects which are at risk

for periodontal tissue breakdown.

3. the elucidation of relationships between the different aspects of

the disease and the evaluation of promoting and inhibiting

factors.

8



the need for better diagnostic tools to monitor the different aspects

of the disease forces to improve the accuracy of

presently available tests.

General aim.

This thesis aims to improve the accuracy as well as to determine the

limits of some clinical, radiological and biochemical diagnostic

methods in pericdontology.

Specific aspects of the general aim in the various chapters.

Chapter 2 deals with the problem of the inaccuracy of bleeding

tendency measurements. Although bleeding tendency is of questionable

value as indicator for disease activity (Listgarten et al. 1981 and

Haffajee et al. 1983), it may give information on the degree of

inflammation of the periodontal tissues. As the oral hygiene behaviour

and the amount of inflammation are important factors in the

development of periodontal disease, it is useful to design a mouth

bleeding score with known statistically significant decision values

for the individual patient. These values can only be determined when

the inaccuracy of the bleeding tendency measurement has been

determined experimentally.

Chapter 3 deals with the measurement error of probing depth

measurements. In this thesis, the measurement error of probing depth

and attachment level measurements are considered as identical as long

as the gingival margin constitutes a fixed reference point. However,

during longitudinal studies the gingiva may be subject to recession

and swelling. Then the cemento-enamel junction can be used as a fixed

reference point, but sometimes it is difficult to assess its location

which may explain a higher inaccuracy when this point is used.

Therefore, flexible splints and acrylic onlays situated on the

occlusal surfaces of the teeth are the reference points of choice in

longitudinal studies. The question is studied whether the type I-error

of a screening criterion of e.g. 3 mm change in attachment level can

be derived from a normal probability function of the measurements.

Chapter 4 evaluates the effect of probing depth as well as the



bleeding tendency on the accuracy of probing depth measurements. It is

important to know whether significant effects exist. If so, the error

of probing depth measurements should be adjusted according to the

category of pockets which are incorporated in a clinical study.

Chapter 5 describes how nurfi the accuracy of probing depth

measurements can be improved by recording a pair of measurements at

each examination instead of a single measurement.

In chapter 6 the standardization of clinical radiographs using a new

paralleling device will be tested over a short as well as a long time

interval. The influence of the in vivo found errors in standardization

on the detectability of lesions on subtracted images by observers will

be determined.

In chapter 7 a new method for quantitative measurement of periodontal

bone changes by digital subtraction radiography is described and

tested.

In chapter 8 some factors influencing the validity of the

quantification of differences between radiographs will be tested with

the technique described in chapter 7.

In chapter 9 a comparison will be made between the lesion

detectability of the digital subtraction technique and the subjective

techniques by using observers evaluating photographic subtracted

images and comparing conventional radiographs.

In chapter 10 the diagnostic ability of the new developed quantitative

digital subtraction technique in a longitudinal clinical trial is

tested.

In chapter 11 the detection of hydroxyproline which is a specific

product of collagen, will be investigated in gingival exudate of

inflamed periodontal tissues.

Hi chapter 12 the final conclusions and a selection of methods for

the determination of changes in attachment level and in bone mass over

a short time span will be discussed. Guide lines for future research

will be presented.
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Abstract.

The present study aims to determine the accuracy of bleeding tendency

measurements in order to assess the probability values of differences

in number of bleeding sites at successive examinations in the

individual patient. Duplicate bleeding tendency measurements were

performed in patients which had received initial

treatment.

Measurements in deep and shallow pockets showed

different reproducibility values. The proportion of agreement on lack

of bleeding was relatively high (86%) in shallow pockets (£ 4nm) and

decreased significantly in deep pockets ( >4nm). The proportion of

agreement on bleeding was relatively low (36%) in shallow pockets and

increased significantly in deep pockets. Chance distributions were

calculated on basis of the reproducibility values of bleeding and non

bleeding on probing. It was found that only large differences in the

number of bleeding sites between two examinations may indicate a

possible change in the periodontal condition of the individual

patient. The sensitivity of the individual mouth bleeding score can be

increased by recording as many sites as possible.

Introduction.

Various gingival indices have been developed and used to evaluate the

gingival condition. These indices were based on visual examination of

redness and swelling of the gingiva e.g. Papillary Marginal Attached

gingiva index (Massler & Schour 1949), on bleeding on probing alone

e.g. Gingival Bleeding Index (Ainamo & Bay 1975), Papillary Bleeding

Index (MUhlemann 1976), Periodontal Pocket Bleeding Index (van der

Velden 1979) or on visual examination of the gingiva in combination

with bleeding on probing e.g. Gingival Index (Log & Silness 1963) and

Sulcus Bleeding Index (Muhlemann & Son 1971).

It has been concluded in the past that bleeding on probing is an

earlier manifestation of gingival inflammation than changes in colour

and texture of the gingiva (MUhlemann & Son 1971, Meitner et al.

1979). Inflammation of the periodontal tissues is likely induced along

the soft pocket wall and bleeding on probing is therefore probably a
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more meaningful indicator to determine the first signs of

inflammation. However, the validity of this diagnostic tool is highly

dependent on the purpose for which it is applied. For instance,

bleeding tendency measurements are of questionable value as indicator

for progression of pericdontal destruction (Listgarten & Levin 1981,

Haffajee, Socransky & Goodson 1983) whereas they may be useful in

evaluating the oral hygiene status during the maintenance phase after

treatment. For this reason a scoring system for the individual

patient, the mouth bleeding score, was developed where differences in

number of bleeding sites between two examinations can be evaluated

statistically. To meet this requirement, one needs a scoring system

with its probability distribution. This can only be achieved when the

reproducibility of bleeding is known.

Determination of the reproducibility of bleeding on probing is the

first aim of this study. The second aim is the calculation

of prediction intervals of the mouth bleeding score for the individual

patient.

Material and methods.

A group of 13 patients was selected, 7 males and 6 females 20-60 years

of age, suffering from adult pericdontitis. All patients had received

initial treatment consisting of professional plaque and calculus

debridement. One examiner recorded 703 interproximal pockets, evenly

distributed for all tooth types. In order to determine

the reproducibility of bleeding, duplicate bleeding

tendency measurements were performed with a time interval of 100

minutes. The probings were carried out with a new commercially

available, constant force probe activated by a long stainless steel

spring (F = 32 ± 2gf). The probe consisted of a flat Williams

probe tip (0 0,42nm), of which the sharp edges were slightly rounded

off. The probe exerted a pressure of approximately 240 N/cma (van der

Velden 1979). Efforts were raade to insert the probe parallel to the

long axis of the root as close as possible to the contact point.

According to the description of Hassel et al. (1973) the probing

depth was determined by deliberate "searching" probing instead

of inserting the probe once into the pocket. Probing depth was

15



recorded to the nearest millimeter visible on the calibrated scale of

the probe. Presence or absence of bleeding was recorded up to 30

seconds after probing. The time required for one series of

measurements in a patient was approximately 10 minutes.

Results.

Reproducibility of bleeding

Bleeding recordings were classified according to the mean probing

depth of duplicate measurements (Table 1). No marked differences were

found between the number of bleedings at the first and second

examination, indicating the absence of a systematic error. Lack of

bleeding was frequently found in shallow (S4nm) pockets, whereas

bleeding was relatively more frequently recorded in deeper pockets

(S5nm).

mean* probing depth
of first and second
examination

2
3
4
5
6
7
8
9

Bleeding tendency at first and
second
B**-B

0
16
16
33
29
33
29
13

examination
NB**-B

4
26
20
18
10
12
6
5

B-NB

2
27
11
14
13
10
7
5

NB-NB

51
166
57
31
8
12
11
8

number of
sites

57
235
104
96
60
67
53
31

169 101 89 344 703

*half values were rounded up to the nearest mm.
**B = bleeding on probing; NB = no bleeding on probing

Table 1: Number of bleedings and non bleedings classified according
to the mean probing depth values of duplicate measurements.

The proportion of agreement on bleeding of duplicate measurements at

the same site is shown in Table 2. The proportion of agreement on lack

of bleeding was relatively high (86%) in shallow (<4mm) pockets. This

proportion decreased significantly with pocket depth (X3 / » = 32.6; p<

0.001). The proportion of agreement on bleeding was relatively low

(36%) in shallow pockets. This proportion increased significantly with

pocket depth (Xa, , = 19.5; p<0.001).
(I)
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mean probing
depth of first
and second
measurement

2
3
4
5
6
7
e
9

lack of bleeding

examination
I

55
192
77
49
18
24
17
13

II

51
166
57
31
8
12
11
8

proportion
of agreement

93%
87%
74%
63%
44%
50%
65%
62%

bleeding

examination
I

2
43
27
47
42
43
36
18

II

0
16
16
33
29
33
29
13

proportion
of agreement

37%
59%
70%
69%
77%
81%
72%

Ibtal 445 344 . 258 169
weighted average= 78% weighted average= 64%

Table 2: Proportion of agreement of duplicate bleeding measurements at the
same site, classified accor&ing to mean probing depth values.

Probability distribution of the mouth bleeding score.

A probability distribution of th,e mouth bleeding score on the basis

of reproducibility of bleeding or not bleeding was calculated in order

to be able to assess differences in the number of bleeding sites over

a period of time in individual patients. This probability distribution

is as follows: If k is the number of bleedings at second examination,

then the probability distribution of k given n bleedings at the

previous examination is given by

i ) p
B

n P B j ( j M 1 PNBJ PNB

k= 0, 1, ,12, where 12 is the number of probing sites, ̂  is the

probability that a pocket bleeds again, given that it bled previously

and P N B is the corresponding probability with respect to lack

of bleeding.

When the periodontal condition is unchanged, the results of the first

and second examination are interchangeable. E.g. the proportion

of agreement of bleeding, taken as estimate of the

corresponding population value (being the probability that a randan

pocket bleeds at second probing, given that it bled at the first and

vice versa) is obtained by dividing the number of cases with

17



bleeding at both examinations by the average of the bleedings

at first and second examination. Ttiese estimates are maximum

likelihood estimates. In terms of probabilities we

use

where P(B) = P(B1) + P(B2)

2

Estimates of P ^ and Pg ,for the patients category having all sorts of

probing depths, using weighted averages are then respectively 78% and

64%. The computed probability distribution is shown in table 3a.

Reproducibility of bleeding or not bleeding in shallow and deeper

pockets are quite different, as this study shows. For this reason the

probability distribution was also computed for the patients category

with shallow pockets (<4mm) only (Table 3b).

It can now easily be seen that for instance in a patient with pockets

of various depths, in which 10 out of 12 pockets show bleeding at the

first examination and assuming that no real change has occurred, the

90%-prediction interval ranges from 4-9 pockets with bleeding at the

second examination. Only 3 or less pockets may bleed at the

second examination to permit the conclusion of a possible improvement

in the periodontal condition (p<0,05) Table 4, derived from Table 3,

First examination

Number of bleeding
sites out of 12

0
1
2
3
4
5
6
7
8
9
10
11
12

Second examination

90%-prediction interval of number of bleeding sites
out of 12, at the second examination.

Probing depths 2-9mm

0 - 5
1 - 5
1 - 6
2 - 6
2 - 7
2 - 7
3 - 7
3 - 8
4 - 8
4 - 9
4 - 9
5 -10
5 -10

Probing depths 4mm

0 - 4
0 - 4
0 - 4
0 - 5
1 - 5
1 - 5
1 - 6
1 - 6
2 - 6
2 - 7
2 - 7
2 - 7
2 - 8

Table 4: Prediction intervals of the mouth bleeding score on the basis of
twelve recorded sites.
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•Able 3a
Number of bleeding s i t e s at second examination

o -a

0

1

2

3

4

5

6

7

6

9

10

11

12

.0507

.0234

.0106

.0050

.0023

.0011

.0005

.0002

.0001

.0000

.0000

.0000

.0000

.1717

.1142

.0619

.0392

.0216

.0115

.0061

.0031

.0016

.0006

.0004

.0002

.0001

.2663

.2315

.1(12

.1291

.0(57

.0540

.0327

.0192

.0110

.0061

.0034

.0016

.0010

Proportion of agraanant
various dapths.

.2503
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. I M 5

.1426

.1009
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.0440

.0276

.0166

.0100

.0059
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.202*
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.19(6
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.1146
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.2027

.1647

.1271

.0938

.0666
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.1372
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.2165

.2424
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.2340

.2073

.1735

.1382

blaading and on blaading

.0057

.0101

.0196

.0341

.0564

.0877

.1270

.1695

.2073

.2326

.2409

.2324

.2106

.0010

.0021

.0043

.0064

.0160

.0269

.0495

.0792

.1172

.1566

.1961

.2226

.2340

is 76« and 64» n

.0001

.0003

.0007

.0014

.0031

.0064

.0127

.0241

.0431

.0713

.1077

.1476

.1649

.0000

.0000

.0001

.0002

.0004

.0009

.0021

.0046

.0096

.0197

.0372

.0639

.0986

.0000

.oooo

.0000

.0000

.0000

.0001

.0002

.0005

.0012

.0030

.0071

.0158

.0319

.0000

.oooo

.0000

.0000

.0000

.0000

.0000

.0000

.oooi

.0002
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.0016

.0047

1.0000

1.0000

1.0000

i.oooo

I.OOOO

1.0000

1.0000

1.0000

1.0000

I.OOOO

1.0000

1.0000

1.0000

tsp. val id for patiants having packets of

Table 3b
Number of bleeding sites at second examination
0 1 2 3 4 5 6 7

0

1

2

3

4

5

6

7

8

9

10

11

12

Pro!

.1637

.1104

.0744

.0502

.0339

.0228

.0154

.0104

.0070

.0047

.0032

.0021

.0014

portion

.3197

.2776

.2290

.1826

.1422

.1087

.0920

.0611

.0451

.0331

.0241

.0175

.0126

of agraa

.2963

.3040

.3033

.2667

.2594

.2267

.1926

.1600

.1304

.1046

.0929

.0646

.0502

Mnt on

.1553

.1951

.2307

.2570

.2711

.2726

.2632

.2455

.2225

.1967

.1703

.1447

.1211

.0569

.0825

.1133

.1473

.1607

.2099

.2319

.2449

.2469

.2445

.2332

.2169

.1973

.0148

.0244

.0383

.0572

.0811

.1088

.1381

.1665

.1914

.2108

.2236

.2294

.2285

.0028

.0052

.0092

.0155

.0252

.0389

.0569

.0787

.1032

.1288

.1534

.1753

.1931

.0004

.0008

.0016

.0030

.0055

.0097

.0163

.0259

.0391

.0558

.0756

.0973

.1198

lack of blaading and on blaading is 961 and

.0000

.0001

.0002

.0004

.0008

.0017

.0032

.0059

.0103

.0169

.0264

.0369

.0542

42» n a p .

.0000

.0000

.0000

.oooo

.0001

.0002

.0004

.0009

.0018

.0035

.0063

.0108

.0175

.0000

.0000

.0000

.oooo

.oooo

.0000

.0000

,0001

.0002

.0005

.0010

.0020

.0038

.0000

.0000

.0000

.0000

.oooo

.0000

.0000

.0000

.0000

.0000

.0001

.0002

.0005

val id for patiants having

.0000

.0000

.0000

.0000

.0000

.oooo

.0000

.0000

.oooo

.oooo

.0000

.0000

.oooo
•hallow

l.DDOO

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

(Man)
pockats

Tables 3 a + b: Distribution of the probability values for the number of
bleeding pockets at the second examination given the number of bleeding
pockets at the first examination.
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clearly shows the range of the 90%-prediction intervals in the number

of bleeding sites in the second examination given the number of

bleeding sites in the first examination.

The more pockets are measured at an examination, the more sensitive

the mouth bleeding score will become. This is illustrated in Fig.1. On

basis of 12 recorded sites the domain outside the prediction interval

is larger as compared with the domain outside the prediction interval

based on 6 sites only.

I? RECORDED SITES tKCOKKD SITES

II II K I I 2

SECOND EXAMINATION - NUMBER OF MZEDING SITES

E 5 5 3 IMPROVEMENT

• • DETERIORATION

Figure 1: 90%-Prediction intervals of the mouth bleeding score on the
basis of twelve or six recorded sites for the patients category with
various probing depths.

Discussion.

Probing with a constant probing force has been shown to result in more

reproducible bleeding tendency measurements than probing with a non

controlled probing force. With a constant probing force of 0,75 N the

proportion of intra-examiner agreement on bleeding and lack of

bleeding appeared to be 75% (Van der Velden 1980). In this study,

using the same constant force of 0,75 N, the proportion of agreement

for all probing depth, using weighted averages, was 78% for non

bleeding pockets and 64% for bleeding pockets. It has previously been

discussed (Horowitz, 1974) that the reprcducibility of a diagnostic

tool may be influenced by the level of disease. Inclusion of many non

diseased shallow pockets may give a false picture of reproducibility.
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This indeed seemed to be the case as shallow non bleeding pockets

( < 4mn> in this study showed a reproducibility of 86% (Table 2). The

overall proportion of agreement on bleeding is thus a relative

measure, influenced by the degree of inflammation and by the probing

depth.

The influence of probing depth on bleeding tendency may be explained

by the fact that deep pockets are more frequently inflamed than

shallow pockets, but it is also possible that the chance of bleeding

in deep pockets is higher as the probe scrapes a longer distance of

the pocket wall than in shallow pockets, so the chance of injury

increases.

It is noted that the relatively few recorded shallow (<3nm) bleeding

pockets showed a relatively low reproducibility. Shallow bleeding

pockets may be rare entities in patients after initial treatment. If

so, their prevalence on basis of the first examination may be largely

biased by the inaccuracy of the method. The very low reproducibility

is then understandable.

This study presented a way of analysing the mouth bleeding score for

the individual patient. On basis of the proportion of agreement on

bleeding and lack of bleeding any probability distribution can be

calculated, for patients with only deep pockets and for any number of

recorded sites. The probability distributions on basis of 12 sites

for patients with only shallow pockets and for patients with various

pocket depths are just two examples of a general principle. The more

sites are recorded, the more sensitive the mouth bleeding score will

be.

The statistical analysis of the presented problem was performed as if

the sites within the subject were independent. Theoretically they are

probably not completely independent. However, the intraclass

correlation coefficient for bleeding on probing has been found to be

low (Haffajee et al. 1985). It is suggested that the main part of the

variance occurs between sites within the subject rather than between

subjects. It seems therefore reasonable to consider the sites as

independent units within each subject for bleeding on probing.

This study illustrated the low reproducibility of bleeding tendency

measurements at the individual site. This method seems not suitable

for determination of site related factors such as the degree of
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inflammation. Therefore, the attention of this study has further been

focussed on the mouth bleeding score to determine patient related

factors. Analysis showed that only large differences in number of

bleeding sites between successive mouth bleeding scores may indicate

biological changes in the periodontal condition or in the oral

hygiene behaviour of the individual patient.
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Abstract.

the present study aims to determine the accuracy and the distribution

of the error of probing depth measurements. Repeated single

measurements were performed at 1069 sites in 13 subjects. Measurements

in shallow pockets (£3mm) were significantly (p< 0.001) more

reproducible than measurements in deep pockets (>3nm). The

overall standard deviation of the measurements was 0.74mm.

Differences between repeated single measurements were not normally

distributed. Differences of 2mm or more were recorded more frequently

than one would expect on basis of the standard deviation and a

hypothetical normal distribution. The observed frequency of large

differences ( £ 3ran) is much higher than the theoretical change as

suggested in the literature that such differences may occur as a

result of the inaccurate probing measurements. This finding implies

consequences for the chance of making false claims that true changes

in probing depth and attachment level have occurred over time, if the

claims are based on the standard deviation and the wrong assumption

that the error of the measurement is normally distributed.

Introduction.

Currently it has been suggested that periodontal disease in humans may

undergo cycles of exacerbation and spontaneous remission (Goodson et

al. 1982, Haffajee et al. 1983, Socransky et al. 1984). Exacerbation

of periodontal destruction may occur in periods of less than 2 months

(Haffajee et al. 1983). Such short periods in which exacerbations take

place would be in accord with ligature induced periodontitis in

animals where initial rapid tissue loss seems to decrease within two

months (Kennedy and Poison 1973, Schroeder and Lindhe 1975, Heijl et

al. 1976, Lindhe and Ericsson 1978, Slots and Hausmann 1979). These

observations in animals are firmly based on histological sections. The

presumed intermittent pattern of pericdontal disease activity in

humans is based on the less accurate attachment level measurements.

The accuracy of clinical probing in detecting attachment level changes

at a given site has been the subject of discussion (Gcodson et al.

1982). Different analytical methods have been suggested, in attempts
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to recognize sites that have undergone significant attachment

loss (Haffajee et al. 1983). However, any analytical method must take

into account the type of distribution of the data. It has been assumed

on basis of the data of Glavind & Loe (1967) that the differences

between repeated single probing depth and attachment level

measurements are normally distributed (Goodson et al. 1982). If so,

the chance is very small that differences between repeated single

measurements exceed three times the standard deviation of the error of

the differences between repeated single measurements. Such deviations

found between successive measurements in longitudinal studies are

considered in literature to be the result of therapy or changes in

disease activity. However, a normal distribution of the error of

repeated single measurements has still to be proven. The present study

aims to determine the distribution of the error of repeated single

measurements.

Material and methods.

Periodontal probing depth was recorded in 13 subjects, 7 males and 6

females 20 - 60 years of age. They had received initial treatment,

consisting of plaque and calculus debridement. All subjects suffered

from chronic pericdontitis. Mesiobuccal, buccal, distobuccal,

distolingual, lingual and mesiolingual positions were examined. The

examined sites were distributed evenly over all tooth types. In order

to determine the error of repeated single measurements, they were

carried out with a time interval of 100 minutes by the same examiner.

In total 1069 sites were probed twice. The probings were carried out

with a new conmercially available, constant force probe (F = 32±2gf)

activated by a long stainless steel spring.

The probe, a Williams model, was modified so that the tip was flat

(0.42rom 0) with slightly rounded edges. The probing pressure used was

approximately 240 N/cma (Van der Velden 1979). Probing depth was read

to the nearest millimeter visible on the calibrated scale. Efforts

were made to insert the probe parallel to the long axis of the

root, interproximally as close as possible to the contact point.

Buccal and lingual pockets were measured at the midline of the root.

In the case of multirooted teeth the buccal and lingual positions at
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the midline of the mesial root were examined in order to avoid the

furcation area. According to the description of Hassel et al. (1973)

the probing depth was determined by deliberate "searching" probing

instead of inserting the probe once into the pocket. The time required

for the examination of two quadrants was about 10 minutes.

Results.

The distribution of probing recordings at the first and second

examination is shown in Table 1. The differences between repeated

single probing depth measurements per pocket and standard deviations

of differences per initial probing depth class are shown in Table 2.

number of pockets
probing depth
in mm. examination 1 examination 2

1 67 57
2 243 244
3 304 304
4 111 112
5 106 111
6 69 68
7 76 79
8 48 49
9 34 32
10 11 13

Total: 1069 1069

Table 1: Probing depth measurements at first and second
examination.

Analysis of the reprcducibility of probing depth measurements was not

biased by a significant shift to shallower or deeper recordings in the

second measurement as compared to the first measurement. The mean of

all positive and negative differences was +0.04mm in the present

study. Increase in probing depth at second examination was more

frequently noticed for sites with an initial small probing depth of

5mm or less whereas a decrease in probing depth was more frequently

found for sites with an initial probing depth of more than 5mm. The

observed pattern is explained by the limited range of probing depth

values possible. The results indicate that measurements in

shallow pockets (<3mm) were significantly more reproducible than
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t he measurements i n deep (>3itni) pockets (**..= 33.57; p<0,001). The

standard dev i a t i on of the complete s e t of da t a was 0.74mm.

initial differences in nm between init ial and second
probing examination
depth

1

2

3

4

5

6

7

8

9

10

-4 -3

2

2 1

-2

2

5

1

4

3

1

-1

13

34

24

19

12

12

11

5

1

0

44

184

230

56

62

39

46

27

24

9

1

22

44

32

26

15

16

14

7

2

2

1

2

6

2

2

1

67

243

304

111

106

69

76

48

34

11

0.51

0.50

0.66

0.96

1.00

0.73

0.74

1.08

0.69

Table 2: Differences in probing depth per pocket between first and second
examination and standard deviation of differences per probing depth class.

Table 3 and 4 show data from a previous study on repeated single

probing depth measurements in a way which allows comparison with the

present data. An intra-examiner systematic error did not occur.

number of pockets
probing depth
values

1
2
3
4
5
6
7
8

examination 1

1202
1210

501
206
190
64
47
42

examinat

1224
1249

473
187
163
70
51
45

Total: 3462 3462

Repeated measurements with a mean interval of 25 days in
38 subjects. Probing was carried out with a HU Friedy A
probe without applying a standardized force. Probings a t
buccomesial, buccodistal, buccal and lingual s i t e s .
Probing depth was read to the nearest millimeter.

Table 3: Probing depth measurements a t f i r s t and second
examination (data of Coppes, 1972).
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initial
probing
depth

1

2

3

4

5

6

7

8

differences in
examination
-5 -4 -3

1

3

1 1

4

7

6

2

3

nin

-2

15

26

26

6

8

2

between initial

-1 0 1

267

160

57

32

25

5

9

937

807

256

79

84

14

20

26

246

111

48

27

30

8

12

and

2

12

14

11

9

7

2

second

3

5

4

6

2

1

4

1

3

2

2

5

1

3

1

n

6

1202

1 1210

501

206

190

64

47

42

0.51

0.72

0.90

1.20

1.19

1.38

1.16

1.23

Table 4: Differences in probing depth per pocket between first and second
examination (Data of Coppes, 1972).

The mean of all positive and negative differences was -0.03mm. Probing

measurements in shallow pockets were again more reproducible than in

deep pockets (Xa /ji= 158.91; p<0.001). The standard deviation of the

complete set of data in the Coppes1 study appeared to be 0.82mm.

In the present study all probing depths were rounded up to the nearest

mm. By this rounding up procedure differences of e.g. -4mm

between two successive probing depth measurements have an interval

between -3mm and -5mm with the highest frequency of occurrence at -

4mm. The cumulative frequencies and the relative cumulative

frequencies of differences between repeated single measurements were

calculated at midintervals (Table 5). These calculations were made for

better comparison of the observed frequencies of differences,

determined at discrete values, with the frequencies expected on the

basis of a normal distribution. It is shown in Fig. 1 that the

relative cumulative frequencies of differences between repeated

single measurements did not show complete linearity on a normal

probability scale (x-axis of Fig.1). Deviations from linearity were

markedly present for differences of 2mm or more. Differences of 2mm

or more between the first and second measurement were observed more

frequently than one would expect on basis of the standard deviation

and a hypothetical normal distribution. The data in Table 6 illustrate

a noteworthy discrepancy between the observed and theoretically

expected frequencies of large differences.
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Data from the present study.

class frequency cumulative
frequency

cumulative frequency
at midinterval (F1)

F' F'in %

-4
-3
-2
-1
0

+1
+2
+3
+4
+5
+6

2
3

16
131
721
178
14

1
2
1

2
5

21
152
873

1051
1065

1066
1068
1069

1
3.5

13
86.5

512.5
962

1058
1065
1065.5
1067
1068.5

0.09
0.33
1.22
8.09

47.94
89.99
98.97
99.63
99.67
99.81
99.95

Data fron the Coppes1 study

class frequency cumulative
frequency

cumulative frequency
at midinterval (F1)

F' F'in %

-5
-4
-3
-2
-1
0
+1
+2
+3
+4
+5
+6

1
5
22
85
555
2225
482
55
18
8
5
1

1
6
28
113
668
2893
3375
3430
3448
3456
3461
3462

0.5
3.5
17
70.5
390.5
1780.5
3134
3402.5
3439
3452
3458.5
3461.5

0.01
0.1
0.49
2.04
11.28
51.43
90.53
98.28
99.34
99.71
99.90
99.99

(- for probing depths shallower at second measurement, +
probing depths deeper at second measurement).

for

Table 5. Frequency distribution of differences between first and
second measurements.

observed frequency

differences present study Ooppes1 study

expected frequency

present stutfy Coppes' study
(x±S.D.=0.04±0.74mn) (x±S.D.*-0.03±0.82mn)

£ 2nn
2 3am
>4mn

24
7
4

.5

.5

2.25
0.70
0.42

130
40
13.5

3.76
1.16
0.39

0.69
<0.01
<0.01

1
<0
<0

.48

.01

.01

Table 6. Ttie observed frequencies and expected frequencies of large differences
between first and second measurement.
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Discussion.

The force used during probing is an important variable. The higher

force applied, the deeper the penetration of the probe tip will be

(for review see Listgarten, 1980). The control of this variable is

important, particularly when probings are performed in longitudinal

studies (Chamberlain et al. 1985). Probing with a constant force does

also improve the reproducibility of bleeding tendency measurements

(Van der Velden, 1980). It was therefore decided to use a constant

force.

Probing depth measurements and attachment level measurements

are comparable as long as the gingival margin constitutes a fixed

reference point. This was the case in the present study.

However, during longitudinal studies the gingiva may be subject

to recession and swelling. The cemento-enamel junction is a fixed

reference point, but it is sometimes difficult to assess the location

which may explain a higher inaccuracy when this reference point is

used (Glavind & Loe 1967, Goodson et al. 1982, Badersten et al. 1984).

Flexible splints and acrylic onlays situated on the occlusal surfaces

of the teeth seem to be the reference points of choice for

probing attachment level measurements in longitudinal studies

(Badersten et al. 1984, Isidor et al. 1984).

The present study and the data of Ooppes (1972) did not show a normal

distribution of differences between repeated single probing

depth measurements (Fig. 1). This finding is supported after analysis

of the data of Badersten et al. (1984). However, the data of Glavind &

Loe" (1967) processed according to the present analysis, showed a

normal distribution of differences between repeated single

probing depth measurements (Fig. 2). This discrepancy in results may

be caused by differences in the composition of the studied

populations of pockets. The present study and the studies of Coppes

(1972) and Badersten et al. (1984) incorporated relatively more deep

pockets than the study of Glavind & LoB (1967).

Differences between repeated single attachment level measurements in

the study of Glavind & LoS (1967) are not normally distributed (Fig.

2). This is also the case for attachment level measurements of

Badersten et al. (1984), whereas the data of Goodson et al. (1982)
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were not presented in a way which allows us to analyse them.

Errors of linear measurements are in general normally distributed. The

exact reason for the detected discrepancy between observed and

expected frequencies of large differences between repeated single

measurements is not clear. An explanation may be that the location of

the probe tip which is not visible during probing, is affected by

variables such as presence of calculus, variability in angulation

of the probe insertion, lack of standardization of the probing spot,

irregular bottom lining of the pocket and contour of the teeth.

It has generally been accepted in the literature that a difference

between two probing measurements with a time interval of 2 months or

more, that exceeds 3 times the standard deviation (0.76 mm in the

study of Goodson et al. 1982, 0.82 mm in the study of Haffajee et al.

1983, 0.80-0.92 mm in the study of Badersten et al. 1984) is the

result of disease or therapy. The chance of finding differences that

exceed 3 times the standard deviation as a result of inaccurate

probing measurements is theoretically very small if the recorded

differences are normally distributed (p a-0.1%). Actually, the

differences are not normally distributed and the chance of finding

differences of 3mm or more is much higher than the theoretical chance

calculated on the basis of the average standard deviation from the

quoted publications (p^O.04%). Wie observed frequency of differences

of 3mm or more between repeated single recordings, caused by the

inaccuracy of the method, is approximately 0.7% in the present study

and 1.2% in the Coppes' study and <0.01% according to the normal

distribution. The data of the study of Badersten et al. (1984) show a

frequency of about 3% that differences of 2.5mm or more occur between

repeated single probing depth measurements. The observed frequencies

of differences of 3mm or more as a result of the inaccuracy of probing

measurements are in the range of reported proportions of sites that

showed 3mm or more gain or loss of attachment level over time

(Listgarten 8 Levin 1981, Goodson et al. 1982, Haffajee et al. 1983,

Lindhe et al. 1983). Ihus, conclusions drawn from these studies which

may be interpreted to support the hypothesis of an intermittent

character of pericdontal disease have a weak basis.

The decision that the attachment level of a given pocket has really

changed over time needs to be based upon information as to which
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extent a difference may exceed the variability of repeated

measurements. The problem of how to recognize a real change over time

cannot be solved by increasing the number of standard deviations that

differences between subsequent measurements have to exceed, e.g. the

frequency of differences of 4mm or more as the result of the

inaccuracy appeared clinically not acceptable (Table 6). Improvement

of the accuracy of probing recordings is the only way to increase the

sensitivity and specificity of this diagnostic tool. The extent to

which the mean or the deepest recording of a pair of measurements at

each examination may improve the accuracy will be studied in chapter

5.
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Abstract

The aim of this study is to determine the influence of the probing

depth and the bleeding tendency on the reproducibility of probing

depth measurements. Duplicate probing depth and bleeding

tendency measurements were performed at 717 interproximal sites in 13

subjects. Analysis indicated that the factor probing depth had a

larger effect on the accuracy of probing depth measurements than the

factor bleeding tendency.

Introduction

Itie only available simple method of evaluating periodontal tissue

breakdown is the measurement of the attachment level with a calibrated

probe. A serious problem is the inaccuracy of this method, which

arises from multiple uncontrolled variables such as errors in

reading calibrations, pain provoked by probing, variability in probing

force, variation in angulation during probing, indistinct reference

points for the probing spot, subgingival obstructions, abnormal crown

and root forms and variable degrees of tissue inflammation at the

bottom of the pocket or along the pocket wall. Most of these variables

can be eliminated either partly or completely.

Subgingival obstructions e.g. calculus and ill fitting margins of

fillings can be removed prior to probing. Variability in probing

force can be eliminated by using a constant force probe. Multiple

probings at a site in order to seek the deepest measurement may be

more accurate as it may solve the problem of variation in angulation

of the probe insertion. Reference points on flexible splints and on

onlays are more distinct than the cemento-enamel junction and the use

of such expedients seems to increase the accuracy of attachment

level measurements (Badersten, Nilveus & Egelberg 1984, Isidor,

Karring & Attstrttm 1984).

However, probing depth and attachment level measurements still have

to deal with sane completely uncontrolled variables, which seem to

have an effect on the reproducibility of probing depth measurements,

particularly in deep pockets (Glavind & Lo8 1967, Smith et al. 1970,

Coppes 1972, Log et al. 1978, Abbas et al. 1982, Goodson et al. 1982,
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Badersten et al. 1984, chapter 3 of this thesis). One uncontrolled

variable is the degree of inflammation which seems to influence the

extent to which the probe enters the pocket ( review by Listgarten

1980). It is not known to which extent the reprcducibility is

influenced by the degree of inflammation. It has been reported that

the bleeding tendency has much more iitpact on the reproducibility of

probing depth measurements than the factor probing depth (Abbas et al.

1982). This conclusion is however questionable since the factor

probing depth and the interaction between bleeding on probing and

probing depth were not included in the analysis of variance of the

data.

The present study aims to determine the relative importance of two

factors: the probing depth and the bleeding tendency on the

reproducibility of probing depth measurements using a constant force

probe.

Materials and methods

A group of 13 patients was selected, 7 males and 6 females 20 - 60

years of age, suffering from adult pericdontitis. All patients had

received initial treatment consisting of professional plaque and

calculus debridement. One examiner recorded 717 interproxiinal pockets,

evenly distributed for all tooth types. Probing depth

measurements were repeated with an interval of 100 minutes. The

probings were carried out with a new caimerclally available, constant

force probe activated by a long stainless steel spring (F = 32±2gf).

The probe consisted of a flat Williams probe tip (0 0,42nm), of which

the sharp edges were slightly rounded off. The probe exerted a force

of approximately 0.75 N (van der Velden 1979). Efforts were made to

insert the probe parallel to the long axis of the root as close as

possible to the contact point. According to the description of

Hassel, Germann & Saxer (1973) the probing depth was determined by

deliberate "searching" probing instead of inserting the probe once

into the pocket. Probing depth was recorded to the nearest millimeter

visible on the calibrated scale of the probe. Presence or absence of

bleeding was recorded up to 30 seconds after probing. The time

required for one series of measurements in a patient was approximately
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10 minutes.

The data were evaluated by weighted regression analysis assuming a

model in which the reproducibility of probing depth measurements,

expressed as the standard deviation, was related to classes of various

probing depth and bleeding tendency in the following way:

y i = 3o+3idi+32d
2
i+e3blii+Btbl2i+Bi3(dxbli)i+B23(d

2xblx)±+

81 ., (dxbl2) i+32>( (d
2xbl2) i + ei

where: y. is the standard deviation of differences between

duplicate probing depth measurements for each

combination of bleeding tendency class and average

probing depth class. There are i=1,. 26 combinations.

d . is the average probing depth of the ith combination.

blx and bl2 are dummy variables representing the bleeding tendency

class.

(d*bl.) and

(da*bl.) are interaction terms.

the 0's are regression constants to be estimated.

By means of several reduced models, leaving out successively the terms

interaction, bleeding and depth, their corresponding effects have been

tested. As weights are used: the number of pockets per combination of

average probing depth class and bleeding tendency class.

Results

The reproducibility of probing depth measurements was not biased by a

significant shift to shallower or deeper recordings at the second

examination as compared to the first examination (Table 1). 114

Probing depths were shallower at second examination, whereas 133 were

deeper (Xa = 1.46; df=1).
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probing depth inmti. at second examination

in i t ia l probing
depth in inn.

1

2

3

4

5

6

7

8

9

10

1 2

1 1

1 55
19

2

3

31

182

21

4

4

1

24

51

17

1

1

5

4

23

54

12

4

1

6

10

31

11

7

1

2

13

40

11

3

8

1

13

25

5

9

5

21

1

10

1

1

2

10

Table 1. Probing depth measurements at first and second examination.

Bleeding recordings were classified according to the mean probing

depth of repeated measurements (Table 2). The bleeding tendency did

not change substantially between the first and second examination. 91

Sites changed from bleeding to non bleeding whereas 104 sites changed

from non bleeding to bleeding (Xa = 0.86; df=1).

Table 3 shows the standard deviations of differences between duplicate

probing depth measurements for each of 10 classes of probing depth and

for each of 3 classes of bleeding tendency. These bleeding categories

consisted of pockets which showed two times bleeding (B-B), one time

bleeding (NB-B or B-NB) and no bleeding after two successive probings

(NB-NB). The weighted averages of the standard deviations per category

of probing depth (m^) varied considerable and reached maximum values

for the category pockets with intermediate probing depths. Minimum

values of these weighted mean standard deviations were found at low

and high probing depth values. The relatively high accuracy of probing

depth measurements for low and high probing depth values can be

explained by the limits of probing depth values of 0 and 10 mm: a low

probing depth value cannot be measured much lower the second time and
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Bleeding tendency of duplicate measurements

mean** probing depth

of first and second

examination

Ttotal

B-B* B-NB* NB-B NB-NB

174 91 104 348

number of

sites

1

2

3

A
5

6

7

8

9

10

—

16

16

33

29

33

29

13

5

2

27

11

14

13

10

7

5

2

4

26

20

19

10

12

6

5

2

1

51

166

57

30

8

12

11

8

A

1

57

235

104

96

60

67

53

31

13

717

*B=bleeding on probing; NB=non bleeding on probing.

**Half values were rounded up to the nearest nm.

Table 2. Number of bleedings and non bleedings classified according to the

mean probing depth values of duplicate measurements.

a high probing depth value not much higher. The weighted averages of

the standard deviations per category of bleeding tendency (mj) varied

much less. The weighted averages of the standard deviations for the

three bleeding tendency categories showed maximum values for the

category bleeding-bleeding and smaller values for the two other

categories.

The data of Table 3 show an interaction effect between the bleeding

tendency and the mean probing depth class on the reproducibility of

probing depth measurements. Regression analysis snowed that this

interaction was sizable (F(4;707)=93.48; p=0). The factor mean probing

depth however, showed a much larger effect on the reproducibility of

probing depth measurements (F(2;707)=682.77; p=0), whereas the factor

bleeding tendency as main factor did not have much influence

(F(2;707)=2.55; p=0.08).

In Fig.1 curves, corresponding to the complete model specified in the

section materials and methods, were fitted on the observed data of

Table 3, indicating the estimated standard deviations for the various
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bleeding tendency and probing depth categories. The interaction

between bleeding tendency and mean probing depth classes on the

reproducibility of probing depth measurements is shown by the

deviating curve for the bleeding-bleeding class. The curves for the

categories one time bleeding and no bleeding after repeated

measurements coincide, indicating the same influence of the factor

bleeding tendency on the reproducibility of probing depth measurements

between these two classes. The curve for the category two times

bleeding creates the impression that probing depths smaller than 5 mm,

which bleed two times, are measured more accurately than similar

probing depths with a lower bleeding tendency. An opposite trend is

found for probing depths deeper than 5 mm.

It can be concluded that the probing depth has the strongest influence

on the reproducibility of the probing depth measurement. This finding

indicates that different probing depths require different tests to

determine significant changes between measurements.

mean probing depth of
f i r s t and second
measurement**

1

2

3

4

5

6

7

8

9

10

bleeding tendency of duplicate

B-B* NB-B or B-NB

-

-

0.242<n=16)

0.634(n=16)

0.60 (n=33)

1.106{n=29)

1.198(n=33)

1.311(n=29)

0.533(n=13)

0 (n=5t

-

0 (n=6)

0.591(n=53)

0.842(n=31)

1.008(n=33)

0.947<n=23)

0.649(n=22>

0.615(n=13)

0.539(n=10)

0.707(n=4)

measurements

NB-NB

0 (n=1)

0.198(n=51)

0.502(n=166)

0.918(n=57)

0.680(n=30)

0.696(n=8)

1.0 (n=12)

0,716(n=11)

0.484(n=8)

0.433(n=4)

m i

0.187

0.511

0.857

0.786

1.0

1.012

1.068

0.523

0.211

0.946 0.764 0.611

*B=bleeding on probing; NB=no bleeding on probing
**half values were rounded up to the nearest mm.
m i and tn j are weighted averages.

Table 3. Standard deviations of differences between duplicate probing
depth measurements classified according to mean probing
depth and the bleeding tendency.
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1.0
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MEAN PROBING DEPTH CLASS

10

Figure 1. The estimated standard deviations of differences between
duplicate probing depth measurements classified according to
mean probing depth classes and three categories of
repeated bleeding tendency.

Discussion

The rationale of using sites instead of subjects as the computational

unit in studies where the object is to investigate the inaccuracy of a

measurement has been outlined in chapter 5.

Analysis of the data showed that the factor probing depth had the

largest effect on the reproducibility of probing depth measurements.

The bleeding tendency, as main factor, showed no significant effect

whereas the interaction between bleeding tendency and mean probing

depth class appeared to be present. This interaction, which is clearly

shown in Fig.1 by the deviating curve of the bleeding-bleeding class,

is difficult to understand. Either there is a real difference between

the bleeding-bleeding class and the other two bleeding classes, which
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on itself can not be explained, or it is the result of an incidental

observational error. Whether the discussed factor is true or not, its

effect on the reproducibility of probing depth measurements is

relatively small.

It must be emphasized that the conclusions drawn in this study, refers

to the reproducibility of probing depth measurements which were

performed on one day. The variable bleeding tendency observed in a

portion of the pockets is not caused by biological changes but merely

the result of the inaccuracy of the bleeding tendency measurement

(chapter 2). A variable bleeding tendency over time (e.g. before and

after treatment) is, apart from the method inaccuracy, mainly the

result of changes in the degree of inflammation. Such biological

changes will influence the extent to which the probe tip enters the

pocket tissues but it has only minor influence on the reproducibility

of the probe penetration.
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Abstract.

The present study aims to determine to which extent averages of

repeated duplicates of probing depth measurements may increase the

accuracy as compared to repeated single measurements and whether it

may result in a normal distribution of the measurement error. In

total 1247 sites were recorded in 8 patients with

advanced periodontitis. The patients had received initial treatment.

Each site was probed four times with time intervals of 100

minutes. The standard deviation of differences between repeated

single measurements of 0.97 nm decreased with a factor /2 to 0.69 mm

for differences between averages of repeated duplicates of

measurements. Differences between the averages of repeated duplicates

of measurements showed a non Gaussian distribution. This implicates

that the type I-error can not be computed on the basis of the standard

deviation of the error with the use of parametric statistical

analysis. The best estimate for the type I-error is the observed

frequency of differences. The type I-error for differences of 3 ram or

more between repeated single measurements decreased from 1.5 % to 0.2

% when averages of repeated duplicates of measurements were compared.

The distribution of differences was symmetrical for positive and

negative differences between averages of repeated duplicates of

measurements for pocket depths between 4-6 mm. Shallower pockets

showed an asyimietrical distribution with a curtosis to larger values

whereas deeper pockets showed the opposite effect.

Introduction.

Longitudinal clinical studies on the progress of periodontal disease

indicate that 1.6%-5.7% of all sites monitored show loss of

attachment over a period of 1-3 years, whereas 0.5%-11.5% of the sites

show gain of attachment (Listgarten and Levin 1981, Goodson et al.

1982, Haffajee et al. 1983, Lindhe et al. 1983).

Recently, Goodson (1986) presented the expected error rates of methods

used to detect changes in attachment level. The estimated type I-error

of fixed differences for regression analysis, running medians and

tolerance method, was chosen on the basis of the standard deviation
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of the measurement, assuming a normal distribution of the measurement

error. The chance of making a false claim that a change in attachment

level has occurred, the type I-error, was considered to be small (p^

0.04 %) at a critical value of 3 mni change in attachment level, which

was the criterion in the quoted studies. However, differences between

repeated single measurements did not show a normal distribution

(chapter 3 of this thesis).In this study an observed type I-error for

differences of 3 mm or more between measurements was found which was a

factor 100 larger than the expected type I-error. Thus application of

parametric statistical analysis results in faulty low estimates of the

type I-error. Detection of real changes in attachment level is

compromised when the method of detection has an observed type I-error

of almost the same magnitude as the published proportion of sites with

loss or gain of attachment.

It can be questioned whether all the sites with loss or gain of

attachment in these studies really changed, or whether a portion of

these sites has been selected as a result of the measurement error. A

study of changes in the periodontal condition requires therefore a

higher accuracy of the measuring system.

The study aims to examine whether the measurement error between

averages of repeated duplicates of measurements, performed on the same

day, may approach a normal distribution and to which extent averages

of repeated duplicates of measurements are more accurate than repeated

single measurements. The accuracy of deepest recordings of repeated

duplicates of measurements instead of the averages was also

determined because the deepest probing of a pair may reflect more

precisely the actual depth of the pocket.

Material and methods

Periodontal probing depth was recorded in 8 subjects, 5 males and 3

females 25 - 50 years of age. They had received initial treatment,

consisting of plaque and calculus debridement. All subjects

suffered from chronic advanced pericdontitis. Mesiobuccal, buccal,

distobuccal, distolingual, lingual and mesiolingual sites were

examined. In order to determine the error between averages and the

error between deepest recordings of repeated duplicates of

49



measurements, probing depth measurements were carried out four times

with time intervals of 100 minutes. In total 1247 sites were probed

by one examiner (1247*4 probings). A commercially available constant

force probe (F = 32±2gf) activated by a long stainless steel spring

was used.

The probe, a Williams model, was modified so that the tip was flat (0

0.42rm) with slightly rounded edges. The probing pressure used

was approximately 240N/cm2 (Van der Velden, 1979). Probing depth was

read to the nearest millimeter visible on the calibrated scale.

Efforts were made to insert the probe parallel to the long axis of the

root, interproximally as close as possible to the contact point.

Buccal and lingual positions were measured at the midline of the root.

In the case of multirooted teeth, the buccal and lingual positions at

the midline of the mesial root were examined in order to avoid the

furcation area. According to the description of Hassel et al. (1973)

the probing depth was determined by deliberate "searching" probing

instead of inserting the probe once into the pocket. The time required

for the examination of four quadrants was about 35 minutes. Two or

three patients were examined alternatively on the same day in order to

prevent a bias caused by the examiner's memory. The tolerance method

for detecting statistically significant changes in attachment level or

in probing depth was selected for this study. The alternative, the

regression method, is not sensitive for detection of changes

occurring early or late in the time series.

Results

The populations of probing depths at the four examinations are shown

in Table 1. A two way analysis of variance indicated a significant

difference (F(3;147)=5.89 ;p=0) between the mean probing depths of the

four successive examinations for the patients studied. Mean probing

depths at the four examinations showed a trend to deeper recordings

with successive measurements, except for patient 5 (0.1 ran deeper per

examination, see Table 2). The linear, square and cubic components of

this trend were tested; only the linear component appeared to be

significant (Table 2). The bias in the successive recordings was

corrected for each patient with the linear coefficient. Table 3 shows
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Number of pockets

probing depth examination 1 examination 2 examination 3 examination 4

1
2
3
4
5
6
7
8
9

10

112
242
301
154
184
109
94
38
7
6

89
247
299
161
206
113

88
34
5
5

72
235
312
136
227
123
88
38
11
5

65
227
292
157
242
119
100
32
8
5

Total 1247 1247 1247 1247

Table 1. Populations of probing depth measurements at the four successive
examinations.

patient

1

2

3

4

5

6

7

8

linear coefficient

0.12

0.09

0.12

0.11

-

0.09

0.06

0.08

t-value

4.20

2.94

4.79

4.32

-0.13

3.35

1.93

2.45

significance of t

0

0

0

0

0 .9

0

0.05

0.02

n

150

162

162

167

162

162

132

150

Table 2 Coefficients, t-values and significance of the linear trend in
probing depths at successive measurements.

the frequency distribution of differences between the f i rs t and second

measurement- The frequency distribution of corrected recordings f' was

computed by determination of the frequency of differences between the

first and second examination (f(i)) and between the second and first

examination (f(-i)) according to the equation f = f(i)/2 + f(- i ) /2 .

Table 4 shows the frequency distribution of differences between the

averages of repeated duplicates of measurements and Table 5 shows the

frequency of differences between the maximum recordings of repeated

duplicates of measurements. In this study a l l probing depths were

rounded up to the nearest mm. By this rounding up procedure

differences of e.g. 3 mm between two successive measurements (Table

3) or between the averages of repeated duplicates of measurements
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class frequency frequency cumulative emulative frequency
of of frequency frequency at

uncorrected corrected midinterval (F')
recordings recordings

i f f' F F1 F ' in %

+5

+4

+3

+2

+1

0

-1

-2

-3
-4

-5

-

3

11

39

206

698

227

49

10

4
_

0.16

3.62

11.52

48.62

227.34

664.48

227.34

48.62

11.52

3.62

0.16

0.16

3.78

15.3

63.92

291.26

955.74

1183.08

1231.7

1243.22

1246.84

1247

0.08

1.97

9.54

39.61

177.59

623.50

1069.41

1207.39

1237.46

1245.03

1246.92

0.01

0.16

0.77

3.18

14.24

50

85.76

96.83

99.24

99.84

99.99

( + for probing depths shallower at second measurement, - for probing depths

deeper at second measurement)

Table 3. Frequency distribution of differences between first and second

measurements.

(Table 4) or between the deepest recordings of repeated duplicates of

measurements (Table 5) have an interval between 2 and 4 mm, with the

highest frequency of occurrence at 3 mm. The cumulative frequencies

and the relative cumulative frequencies of differences were calculated

at midintervals. These calculations were made for better comparison of

the observed frequencies of differences, determined at discrete

values, with the frequencies expected on the basis of a normal

distribution.

It is shown in Fig. 1 that the relative cumulative

frequencies of differences between repeated single measurements as

well as between averages of repeated duplicates of measurements or

between maximum recordings between repeated duplicates of measurements

do not show complete linearity on a normal probability scale.

Deviations in the distribution from a normal distribution were

observed for differences of 2 mm or more. The distribution of

differences between averages of repeated duplicates of measurements
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was narrowest, indicating that a higher accuracy was reached than

single measurements or the deepest recordings of repeated duplicates

of measurements could accomplish. This was supported by the finding of

a smaller standard deviation (0.69 nni) of the error between averages

of pairs of measurements as compared to the standard deviation of the

error between two single measurements (0.97mm) or between the deepest

recordings of two successive pairs of measurements (0.87 inn).

The higher accuracy on the basis of the average of a pair of

measurements was also illustrated by a lower frequency of large

class frequency
of

uncorrected
recordings

frequency
of

corrected
recordings

cumulative
frequency

emulative frequency
at midinterval (F1)

f F1 F'in %

+4

+3*
+3

+2i
+2

+14
+1

+4
0

-i
-1

-14
-2

-24
-3

-34
-4

-
1

-

2

6

14

49

199

468

325

128

33

13

7

1

-

1

0.47

0.53

0.5

4.38

9.57

23.39

91.38

266.12

454.32

266.12

91.38

23.39

9.57

4.38

0.5

0.53

0.47

0.47

1

1.5

5.88

15.45

38.84

130.22

396.34

B50.66

1116.78

1206.16

1231.55

1241.12

1245.5

1246

1246.53

1247

0.24

0.74

1.25

3.69

10.67

27.15

84.53

263.28

623.50

983.72

1162.47

1219.86

1236.34

1243.31

1245.75

1246.27

1246.77

0.02

0.06

0.1

0.3

0.86

2.18

6.78

21.12

50

78.89

93.22

97.82

99.15

99.7

99.9

99.94

99.98

(+ for probing depths shallower at second average, - for probing depths
deeper at second average).

Table 4. Frequency distribution of differences between the averages of
first and second measurements and the averages of third and fourth measure-
ments.
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differences. Table 6 shows these frequencies calculated on the basis

of the cumulative frequencies at midintervals derived from Tables 3, 4

and 5. It is shown that the chance of occurrence of an error of 3mm or

more between two single measurements decreased from 0.015 to 0.002

where averages of two pairs of measurements were computed.

Table 7 shows the critical values in mm with a one sided type I-error

of 2.5%, 0.5% and 0.05% between averages of repeated duplicates of

measurements for each category of initial mean probing depth. The

critical values in mm with a type I-error were computed by curve

fitting, unweighted for numbers, on the observed data . For positive

differences these values were rounded upwards and for negative

differences downwards to the nearest half mm to prevent

underestimation of the error.

class frequency

of

unoorrected

recordings

frequency

of

corrected

recordings

cumulative

frequency

cumulative frequency

at midinterval (F')

f F' F'in %

+5

+4

+3

+2

+1

0

-1

-2

-3

-4

-5

-
-

4

25

164

745

270

28

7

3

1

0.42

1.68

6.55

33.17

244.34

674.68

244.34

33.17

6.55

1.68

0.42

0.42

2.1

8.65

41.82

286.16

960.84

1205.18

1238.35

1244.9

1246.58

1247

0.21

1.26

5.38

25.24

163.99

623.50

1083.01

1221.77

1241.63

1245.74

1246.79

0.02

0.1

0.43

2.02

13.15

50

86.85

97.96

99.57

99.9

99.98

( + for probing depths shallower at second pair of measurements, - for

probing depths deeper at second pair of measurements).

Table 5. Frequency distribution of differences between the maximum recorded

probing depths of first and second measurements and the maximum recorded

probing depths of third and fourth measurements.
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differences in inn
between two
successive
measurements

differences in ran
between averages
of two successive
pairs of
measurements

differences in inn
between deepest
recording of two
successive pairs
of measurement

24

p-value on
the basis
of present
data 0.064 0.015 0.003 0.017 0.002 0.0004 0.041 0.009 0.002

Table 6. Chances of occurrence of differences of 22, 23 and 24 urn.

critical values in mm with two

sided type I-errors of

average probing

depth of the first

pair of measurements

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

5%

+

0.5

1

1

1.5

1.5

2

2

2

2.5

2.5

2.5

2.5

2.5

2.5

2

2

2

1.5

-

1

1

1

1

2

2

2

2

2

2

2

1

1

1

1

1

1

-

.5

.5

.5

.5

.5

.5

.5

.5

1%

+

0.5

1

1.5

2

2

2.5

2.5

3

3

3

3

3

3

3

2.5

2.5

2

1.5

-

2

2

2

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2

2

1.5

1.5

1

-

+

0

1

1

2

2

2

3

3

3

3

3

3

3

3

2

2

2

1

0.

.5

.5

.5

.5

.5

.5

1%

-

2

2.5

2.5

2.5

3

3

3

3
3

3

2.5

2.5

2.5

2
2
1.5
1

-

<+ for probing depths shallower at second average,

deeper at second average).

- for probing depths

Table 7. Critical values in mm with a two sided type I-error of 5%,
1% and 0.1% between averages of successive pairs of measurements
related to the mean probing depth of the first pair of
measurements.
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It can be seen that relatively large differences with a type I-error

of 2.5%, 0.5% and 0.05% occur particularly in the category pockets 4-7

ntn, when the maximum measurement with the calibrated probe is 10 mm.

It appears that the distribution is asymmetrical for high and low

probing depth values.

am me ai 02 05 I 2 5 10 JO 30 « 50 (0 10

NORMAL PROBABILITY SCALE

n « mm

Fig.1 Quantiles of the distribution of differences between first and second
measurements ( ), between averages of two successive pairs of
measurements ( ) and between deepest recordings of two successive
pairs of measurements ( ).

Discussion

The measurement error of probing depth measurements and attachment

level measurements are identical under the conditions present in this

study (measurements within a short time interval).

Whether attachment level changes at the site exhibit a high degree of

statistical independence is a matter of discussion (Haffajee et a l .

1985, Gocdson 1986, Imrey 1986). Patient dependent biological factors

are likely to play a role in longitudinal studies. In the case where
the object is to determine the error of attachment level measurements
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on one day, the site can be considered to be an independent unit- It

was therefore decided to make use of the site as computational unit.

A bias in this experiment was present as a trend to deeper recordings

at the second, third and the fourth measurement compared to the first

measurement was noted. This bias was possibly caused by a trauma

induced in the attachment of the soft tissues to the tooth due to

repeated probing. The linear coefficients, used to correct the bias

between successive examinations, enables us to generalize the results

of the analysis.

The standard deviation of the error in this study (0.97mm) was higher

than in the previous one (chapter 3). The discrepancy might be

explained by the relatively larger number of deep pockets which were

included in the present study and that measurements in deeper pokets

are less accurate (Coppes 1972, Abbas et al. 1982, Goodson et al 1982,

Badersten et al. 1984).

The present results underline the importance of pocket depth on the

accuracy of the measurement. The data of Table 7 suggest a higher

accuracy of the measurements for shallower and deeper pockets. The

unexpected high accuracy for deeper pockets (8-10) is probably the

result of the limited scale towards deeper probing depths. If the

maximum value of the measurement would be 15 mm instead of 10 mn as in

this study, the data may show the same level of accuracy for pockets

of 8-10 mm depth as for those of 4-7 mm depth, if no other factors

come into play.

The smaller standard deviation of the error between averages of

repeated duplicates of measurements as compared to repeated single

measurements agrees with the fact that the standard deviation will

decrease with /n where n is the number of repeated examinations, e.g.

for the present study 0.97//2 = 0.69.

The non Gaussian distribution of differences between repeated single

measurements in this study was in accordance with the results in

chapter 3. The finding of a non Gaussian distribution of differences

between averages of repeated duplicates of measurements implicates

that a type I-error can not be computed on the basis of the standard

deviation of the error. As the chance of occurrence of large

differences, caused by the inaccuracy of the method, can not

theoretically be computed, the observed frequency of differences
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between measurements is the best estimate for the type I-error. Ihe

data indicate that the type I-error for a difference of 3 mm or more

between the average of repeated duplicates of measurements is 0.2%.

This is an improvement compared to the type I-error of 1.5% for the

same difference of 3 mm or more between repeated single measurements.

A further improvement of the accuracy may theoretically be possible by

increasing the number of recordings at each examination, but

it is practically not achievable, as such a procedure causes trauma

and is extremely painful for the patient.

The detection of changes in clinical attachment level is not very

sensitive when the test criterion is 3 mm or more. Many sites with

real changes in clinical attachment level smaller than 3 mm will not

be recognized as such, so the type II-error is probably relatively

large. If one shifts the testcriterion to 2 mm or more, the

sensitivity of the detection method will improve achieving reduction

in the type II-error at the expense of the type I-error (1.7%). It is

obvious that a fixed most appropriate testcriterion for all situations

does not exist. The choice of the appropriate testcriterium depends on

the question being asked and on the objectives of the clinical trial.

References.

Abbas, F., Hart, A.A.M., Oosting, J. & van der Velden, U. (1982)

Effect of training and probing force on the reprcducibility of pocket

depth measurements.

Journal of Periodontal Research 17: 226-234.

aadersten, A., Nilveus, R. & Egelberg, J. (1984). Reproducibility

of probing attachment level measurements.

Journal of Clinical Fericdontolocry 11: 475-485.

Coppes, L. (1972) Routine - sulcus - dieptemetingen in de

parodontologie. Het belang - de betrouwbaarheid - de toepassing.

Thesis, Amsterdam university.

Goodson, J.M., Tanner, A.C.R., Haffajee, A.D., Sornberger, G.C.,

& Socransky, S.S. (1982) Patterns of progression and regression

58



of advanced destructive periodontal disease.

Journal of Clinical Periodontology 9: 472-481.

Goodson, J.M. (1986). Clinical measurements of periodontitis.

Journal of Clinical Periodontolocry 13: 446-455.

Haffajee, A.D., Socransky, S.S. S Goodson, J.M. (1983) Comparison

of different data analyses for detecting changes in attachment

level.

Journal of Clinical Periodontology 10: 298-310.

Haffajee, A.D., Socransky, S.S., Goodson, J.M. and Lindhe, J.

(1985) Intraclass correlations of periodontal measurements.

Journal of Clinical Periodontology 12: 216-224

Hassel, T.M., Germann, M.A., Saxer, U.P. (1973) Periodontal

probing: interinvestigator discrepancies and correlations between

probing force and recorded depth.

Helvetica Cdontoloqica Acta 17: 38-42.

Imrey, P.B.(1986) Considerations in the statistical analysis of

clinical trials in pericdontitis.

Journal of Clinical Periodontology 13:517-528.

Lindhe, J., Haffajee, A.D. & Socransky, S.S. (1983) Progression

of periodontal disease in adult subjects in the absence of

periodontal therapy.

Journal of Clinical Periodontology 10: 433-442.

Listgarten, M.A. & Levin, S. (1981) Positive correlation between

the proportion of subglngival spirochetes and motile bacteria and

susceptibility of human subjects to periodontal deterioration.

Journal of Clinical Pericdontoloqy 8: 122-138.

Van der Velden, U. (1979) Probing force and the relationship of

the probe tip to the periodontal tissues.

Journal of Clinical Periodontoloqy 6: 106-114.

59



Chapter 6.

The evaluation of a new paralleling device for serial radiography. The

error in the reproducibility of radiographs in vivo. The influence of

this error on the detectability of lesions by observers using

photographic subtraction.
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Abstract

A device for serial radiography in maxillary and mandibular premolar

and molar regions was developed. The influence of the time interval

between the radiographs and the construction of the device on the

reproducibility of the x-ray images was registered. Radiographs of

9 patients, made during a period of one year, were evaluated. An

increase of the time interval between radiographs reduced the

reproducibility. The use of bilateral bite blocks improved the

reprcducibility of the x-ray images in comparison with the images

obtained with a device with a one-sided bite block. The effect of the

differences in image geometry found between pairs of clinical

radiographs on the lesion detectability in photographic subtraction

radiography was studied. This was due to errors in the projection

geometry and to ill fitting stents on the teeth. An increase of the

differences in image geometry between the radiographs resulted in a

lower sensitivity and specificity of the photographic subtraction

technique. From this study it appeared that very small differences

between clinical radiographs, corresponding with an angulation error

of 0°.7, can be tolerated. If images with larger differences were

compared, this resulted in an unpredictable high type-I error produced

by the interpreter of these images. The percentage of radiographs,

taken at time intervals of one year, which met this requirement and

could be used for photographic subtraction radiography, was 55%.

Introduction

A visual comparison of conventional radiographic images to detect

changes in the interdental bone is not adequate to reveal small bone

losses. Generally the distance from the approximal marginal bone crest

to the cemento-enamel junction is used as a measure to detect

periodontal bone loss (Gcodson et al. 1984). However, before changes

in the form of the crest of the alveolar septum are observed, density

changes in this part of the bone may occur as a result of

demineralization or remineralization.

Recent research (Grchdahl et al. 1983, Chapter 9 of this

thesis) has shown that subtraction radiography increases the
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detectability of these bone density changes as compered to visual

comparison of radiographs by observers. However, the use of this

technique, first applied in medical radiology by Ziedses des Plantes

(1934), needs a meticulous standardization of the x-ray images. This

standardization may be achieved by accurate control of the position

of the x-ray source and the radiographic film in relation to the area

under investigation. This can be achieved in oral radiology by

fixation of a paralleling device on the teeth and by accurate

alignment of the x-ray beam with this paralleling device. Fixation of

the device on the teeth is possible by bite blocks.

In a clinical study, Duckworth et al. (1983) using a relatively simple

device for obtaining standardized radiographs, found the average

angular variations of the beam and bite block between serially

obtained radiographs to be within 3°. However, that study did not

include the error due to a change in the fit of the bite block. This

will occur when the teeth to which the device is attached, change

their position between examinations. This may specially occur when

patients with advanced pericdontitis are studied and/or when long time

intervals between radiographs are selected.

The first stage of this investigation was therefore to study the

differences in image geometry between radiographs, obtained from

patients with advanced periodontitis. In this study variables such

as: the design of the paralleling device and the time interval between

two radiographs were included. The second stage was to study the

influence of these -in vivo observed - differences in image geometry

on the detectability of lesions when photographic subtracted images

are used.

Materials and Methods.

For this study nine patients, between 30 and 40 years of age, with

advanced pericdontal disease were selected. These patients had

initially received periodontal treatment. Serial radiographs were made

of all patients. The device which we had been using, had been

designed for the maxilla as well as for the mandible. The x-ray unit

was not attached to the paralleling device, to prevent dislodgement of
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Fig. 1. The design of the paralleling device. A for exposures of the

mandible, B for exposures of the maxilla

the bite blocks from the teeth and discomfort to the patient. The

paralleling instrument (Fig. 1) consisted of a slit between a

stainless steel backing and a polymethylmethacrylate front in which

the x-ray film could be positioned. It defined accurately the

position of the films. This film holder was attached to a

stainless steel bite block in which an aluminium reference wedge was

incorporated. This aluminium wedge was depicted on each radiograph

and was used to quantify bone changes (Chapter 7 of this thesis). The

device could be equipped with bilateral or one-sided bite blocks in

which the impressions of the occlusal surfaces in an acrylic material,

called stent, could be fixed. Bilateral fixation of the paralleling

instrument on the teeth was done by two bite blocks connected by a

rod. For serial radiographs of the maxilla this rod had been bent over

an angle of +40° in order to be able to position the radiograph,

considering the form of the palate. Each patient had individual

acrylic stents and was seen three times, taking two radiographs per

visit. Between the first and the second visit there was a time

interval of maximum 7 days; between the first and third visit the

time interval was 365 days. Two radiographs made with Kodak

Ultraspeed films (size 2), were taken each visit: one was made with

the device with bilateral bite blocks and one with the device with a

one-sided bite block. Radiographs were made of the left or right

premolar-molar regions of the mandible. A General Electric 1000

Dental x-ray unit was used, operating at 65kVp, 1 second exposure

time, 15 mA and a focus to film distance of 40 cm. Films were

developed in Kodak LX 24 at 20°C during 4.5 min. and fixed during 10
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min. Both radiographs made at the first visit were used to produce

masks (reversed contact copies), following the technique described by

Kruyt (1976). With this technique, subtracted images of the original

radiograph and the superimposed mask were fully compensated for the

densities occurring on the original radiographs. Thus sources of

variance due to density steps on the subtracted image were eliminated.

The masks were superimposed on the radiographs, which were obtained at

the second and third visit. The masks were superimposed in the best

possible way on the clinical radiographs with the bony structure as a

guide and then mounted in a slide frame. The differences in the image

geometry became visible as artefacts on the subtracted images. These

artefacts consisted of dark and bright structures, mainly bordering

areas with high contrasts on the original radiogaphs, against a

universal grey background. To assess the extent of the artefacts, a

reference series as an index of (dis)similarity of radiographs was

made for comparison. The reference series was obtained by subtracting

radiographs of a dry mandible, embedded in polyester, with zero

projection angle (starting position at right angles to the mandible)

from radiographs obtained with 5 different deviating beam directions.

The deviation in the beam direction was created by changing the

position of the mandible and leaving the x-ray source in the same

position (Fig.2). The differences in angulation were made in

horizontal as well as in vertical direction resulting in the following

variations: 0° -0°.7 -1°,4 -2°.1 -2°.8, measured on the diagonal line

bisecting these two directions. The paralleling device used to align

the x-ray apparatus for the zero angle starting position, was mounted

on the molar region by an acrylic stent. The subtracted images of the

reference series (Fig.3) were obtained by superimposing the mask in

the best possible way on the radiograph with the bony stucture as a

guide. The crowns of the teeth of the reference series as well as of

the clinical images were covered with an opaque adhesive tape to

prevent the observers from assessing the differences in the images of

the crowns.

Six observers had to compare three times, 36 subtracted clinical

images with the reference series, "he observers were asked to assess

the extent of the artefacts on the subtracted clinical radiographs by

comparing it with the reference series. The observers were instructed
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ALUMINIUM REFERENCE WEDGE

BASE OF T K CONSTRUCTION

I I M f EMKDDEO
INPOlYESlElt

L

PCHYESTER SOFT TISSUE EQUIVAIENT OF TOE CHEEK

Fig. 2. Set up to produce images with a well-known difference
in the angulation of the x-ray beam.

to assess the artefacts on the basis of overall occurring artefacts in

the bone and to exclude local differences due to e.g. local

displacements of the roots, in their assessments.

The influence of in vivo occurring differences in image geometry of

serial radiographs on the lesion detectability in subtraction

radiography was studied in an in vitro experiment. A dried mandible

was used as a model. Holes where drilled varying in diameter from

0.3mm to 1.1mm, increasing with steps of 0.1mm, mesial to the second

premolar and mesial to the first molar at the base of a bone crater of

the dry mandible, embedded in polyester. This resulted in 9 lesion

sizes. The lesions mesial to the premolar and mesial of the molar were

not produced in a synchronous sequence. The depth of both defects

remained the same throughout the experiment (1.5mn). Following

drilling of each hole, the mandible was mounted as shown in the

construction of Fig. 2, in which it could be accurately repositioned.

This construction permitted imitations of deviations in the angle of

the x-ray beam, similar to those of the reference series. The

paralleling device was mounted on the molar region by an acrylic
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Fig. 3. The comparative reference series used by the six
observers. Differences in the projection geometry
increase with steps of 0°.7, from 0° to 2°.8 in the
images 1 to 5.
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stent. Radiographs were made according to the previous description.

Each defect size was radiographed, using 5 different beam directions:

0° -0°.7 -1°.4 -2°.1 -2°.8. Several masks were made of the radiograph

without a defect and with a zero angulation. These masks were

positioned on the other radiographs with or without deviations in

projection geometry, and with or without artificial defects, resulting

in 80 subtracted images. These subtracted images were analysed three

times by seven observers for the presence or absence of pericdontal

bone changes around the second premolar and first molar. The crowns of

the teeth, visible on the subtracted images, were again covered with

an opaque adhesive tape to prevent the observers' attention from being

diverted by the artefacts due to differences in the crown positions.

To investigate the influence of the clinically found differences

between radiographs on the lesion detectability by observers in

subtraction radiography, the detection threshold for each observer was

determined for varying deviations in projection geometry. The

observer's detection threshold was defined as the smallest defect size

in a series of at least three consecutive increasing defect sizes

which were consistently observed at the three examinations.

Results

Table 1 shows the mean observed difference in image geometry

between pairs of clinical radiographs of 9 patients making use of the

reference series. Each value in this table represents the mean

deviation in degrees of eighteen assessments (six observers x

three assessments). This table shows that pictures mada with a short

time interval are more identical when taken with the device equipped

with bilateral bite blocks, mean deviation of 0°.33, as compared to

radiographs taken with the device equipped with a one-sided bite

block, mean deviation of 1°.02 (t(8) = 3.09, p<0.01) . There is a

similar but not significant tendency (t(8) = 1.68,p< 0.07) when the

time interval between repeated radiographs was one year. Table 2 shows

the influence of the time interval between two radiographs on the

frequency of differences in angulation of the x-ray beam. A longer

time interval induced an increase of the clinically occurring error in

the reproducibility of radiographs.
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bilateral bite blocks one-sided bite blocks

Patient

1

2

3

4

5

6

7

8

9

mean devia-

t ion in

degrees

Time interval between the

radiographs

max. of 7 days

O°.O4

0°.51

0°.04

0°.31

0°.27

0°.39
0°.51
0°.43
0°.47

0°.33

365 days

0°.23
2°. 18
1°.O9
0C.70
1°.56
2°.02
0°.47
1°.O9
1°.01

1°.15

Time interval between the

radiographs

max. of 7 days 365 days

0°.39

0°.82

2°. 41

0°.39

1°.67

0°.89

1°.O5

0°.35

1°.O2

1°.32

2°. 61

1°.28

0°.97

1°.79

1°.56

1°.79

0°.82

1°.47

Table 1. Mean deviations of the x-ray beam of clinical radiographs.

Change in the beam
angulation of the
reference series

0°
0°.7

2°.8

Total

Frequency of corresponding images

Time interval between two radiographs

0 - 7 days 365 days

98
55
6
3

39-,
50-1

22-,
32
19J

55%

45%

162 162

Table 2. The influence of the time interval between two
radiographs on the number of assessments by six
observers concerning the deviations of the x-ray beam
on clinical radiographs which correspond to the
deviation of the reference series. Paralleling device
with bilateral bite blocks.

Table 3 shows the thresholds of true positive scores for the seven

observers examining photographic subtracted radiographs. The analysis

was made for defects mesial to the second premolar since the defects

mesial to the first molar at the base of the approximal bone crater

68



were never identified. With a two way analysis of variance it was

shown that the deviations in projection gecmetry had a significant

effect on the threshold (F(4;24)= 23.63; p <0.01). The effect of the

observers on the results was also significant (F(6;24)=13.29; p<0.01).

From table 3 it can be concluded that with increasing deviations in

projection geometry the threshold for detecting pericdontal bone

defects by means of the photographic subtraction technique increases.

Observers

Degrees deviation in projection gecmetry

0° 0°.7 1C.4 2°.1 2°.8 mean mi

1
2
3
4
5
6
7

mean nu

0 . 8
0.6
0.6
0 .5
0 .6
0 .7
0.6

0.63

0 .8
0 .7
0.6
0.6
0.6
0 .8
0 .7

0.69

0 . 8
0 .7
0 .7
0 .6
0 . 7
0 .8
0.6

0.70

1.0
0 .8
0 .7
0 . 7
0 .7
0.8
0 .8

0.79

1.0
0 .8
0 .8
0 .9
0 .8
0 .9
0 . 8

0.86

0.88
0.72
0.68
0.66
0.68
0.80
0.70

Table 3. The detection thresholds of true positive scores for
observers who examined photographic subtracted
radiographs with varying deviations in projection
geometry.

Observers

Degrees deviation in projection geometry

0° 0°.7 1°.4 2°.1 2°.4 mean m,-

1
2
3
4
5
6
7

mean nij

Table 4. 1

1.0
0
1.0
8.7
1.0
3.9
1.0

2 . 4

Percentaq

0
0
1.0

16.4
8.7
7.7
1.0

5.0

es of

0
17.3
36.5
52.9
14.4
31.7
63.5

30.9

false

2 .9
23.1
64.4
64.4
14.4

6.7
65.4

34.5

positl\

1.0
14.4
66.4
72.1
10.6

1.9
63.5

32.8

re scores

1.63
18.27
33.86
42.90
9.82

10.38
38.88

for observers
who examined photographic subtracted radiographs with
varying deviations in projection geometry.

Fig. 4 shows graphically the influence of varying deviations in

projection geometry on the percentage of observers which was able to

detect a given defect size. Table 4 shows the percentage of false
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4. Percentage of observers who were able to identify a
defect of a given size on photographic subtracted
radiographs, which were made with varying deviations in
projection geometry-

positive scores. An increase in the mean percentages mj of false

positive scores from 2.4% to 32.8% was seen with an increased

deviation in the projection geanetry- The specificity of the analysis

of periodontal bone defects on subtracted radiographs by observers

diminished markedly with increasing error in the beam angulation,

producing increasing errors in the reproducibility of radiographs.

From this study it may be concluded that the percentages of false

positive scores can be kept reasonably low by eliminating in vivo

those differences in image geanetry equivalent to errors in the in

vitro projection geometry of more than 0°.7. Using this criterion, 55%

of the pairs of the x-ray images, taken with a time interval of one

year, showed an acceptable standardization (Table 2). Besides, Table 3

shows that the detection threshold has only slightly increased by

accepting this range of errors.

Discussion.

Fran this study it appeared that bilaterally used fixation of the

paralleling device produced more identical pictures when compared to
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the conventional one-sided fixation (Medwedeff et al. 1962, Bggen

1969, Plotnick et al. 1971, Renggli et al. 1971, Duckworth et al.

1983).

In this study photographic subtraction radiography was chosen as the

method for analysis of differences in image geometry of serial

radiographs for several reasons:

-currently much attention has been focussed on this technique;

therefore the frequency of clinically occurring errors in the

reproducibility of radiographs and its consequences for interpretation

must be known, when using this method.

-the photographic subtraction technique used in this study produced

extremely well compensated images (see Fig. 3-A), which permits a

simple determination of differences in image geometry.

-the design of this study with the use of the photographic subtraction

technique involves low costs when compared to the digital subtraction

technique.

The difference in image geometry between radiographs taken with a

short or long time interval may be explained by deterioration of the

fit of the acrylic stents on the teeth with time. It seems logical

that the angulation error of the x-ray beam in relation to the

paralleling device does not change significantly between images taken

with a short or a long time interval. The fit of the acrylic stents is

therefore probably responsable for the time effect and is thus the

most critical aspect for the reproducibility. Therefore, the teeth

probably change their position and the more teeth involved the greater

the probability that the stent does not fit very well after a

certain time interval. For this reason a limited number (±5) of teeth

was selected in this study for the fixation of the paralleling device.

Duckworth et al.(1983) found an average horizontal angulation error of

1.25°±0.93° while vertical angulation error varied an average of

2.39°+2.23°. In this study the angulation error combined with the

error due to ill fitting acrylic stents caused by the time factor of

up to one year, was within this range.

Increasing errors in the angulation of the x ray beam between repeated

radiographs will result in artefacts visible on the subtracted

images. In particular, certain anatomical structures which show high

contrasts with the surrounding structures on the original radiograph
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cause dark and bright patterns on the subtracted image. An example of

such a structure is the approximal marginal bone crest where the

experimental lesions were drilled. Lesions in this area may be masked

by artefacts which may account for false negative scores. A tendency

to more false negative scores with increasing angulation deviations

is clearly shown in Fig. 4. On the other hand, as observers may expect

changes in the approximal marginal bone artefacts may be identified as

lesions, which may explain the high percentage of false positive

scores (Table 4). A conspicuous finding of table 4 concerns observer

1, whams false positive percentages was hardly influenced by the

increase of the angulation error. This observer was familiar with the

technical aspects of the subtraction technique. A training program for

observers may therefore be useful to reduce the percentage of false

positive assessments. Concerning the detectability of small

periodontal bone defects in vitro, a recent study of GriJndahl (1984)

showed that even subtracted images of radiographs with an angulation

error of 3° produced a better detectability of these defects than the

comparison of pairs of conventional radiographs made under optimal

conditions. These findings suggest that there are possibilities for

the detection of periodontal bone changes by observers on subtracted

images even under non-ideal clinical imaging conditions.

In addition, the large intra- and Interobserver variability makes the

selection of observers for clinical studies on periodontal bone

changes extremely difficult. In contrast, the application of a

quantitative digital subtraction technique (Chapter 7 of this thesis)

seems to be a very attractive alternative for the study of periodontal

bone changes over time. The accuracy of this method can be determined

precisely even when small errors in the reproducibility of radiographs

are present.
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Abstract.

The use of an aluminium reference object in radiographical studies

permits quantification of periodontal bone changes. A digital

subtraction technique was developed for this purpose. To obtain

optimal performance two corrections have to be applied on the image:

one to correct for systematic inhomogeneities such as the Heel-effect

and one to correct for film and development inhomogeneities. With an

image processing system these and other necessary manipulations can be

carried out easily and quickly. The method was tested on a syries of

radiographs of phantoms with inserted aluminium cylinders. The

determined volumes corresponded well with the actual volumes within

the system error. This error was found to be proportional to the

surface of the inspected area (0.054inn3/rnn2). Hence, in longitudinal

studies, the method promises to be an accurate and quantitative tool,

which may be able to replace subjective and non-quantitative observer

studies.

Introduction.

Currently it has been suggested that periodontal disease in humans may

undergo cycles of exacerbation and spontaneous remission (Goodson et

al. 1982, Haffajee, Socransky & Goodson 1983, Socransky et al. 1984).

Exacerbations have been reported to occur in periods of less than two

months (Haffajee et al. 1983). The presumed intermittent pattern of

pericdontal disease activity is based on attachment level

measurements, which are not very reliable (Gcodson et al. 1982).

Another perhaps more sensitive and reproducible method for the

detection of minute changes in the attachment apparatus is the

evaluation of approximal periodontal bone changes on radiographs by a

digital subtraction technique (GrBndahl, GrOndahl & Webber 1983). The

advantage of subtraction is that structured noise (as for instance

caused by the trabecular bone pattern) is reduced, so that the

detectability of lesions is increased (Revesz, Kundel & Graben 1974).

However a meticulous standardization of the projection geometry is

needed. Until now bone changes in the subtraction radiographs were

only assessed in a qualitative way by observers with great variability
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in the results. Several quantitative methods of measuring changes in

bone volume over time have been developed (Hausmann et al. 1983). In

this paper a digital subtraction technique is described, in which bone

changes in the pericdontium are quantified in aluminium equivalent

volumes. To test the reliability of the method, a dry mandible, with

inserted aluminium blocks of known volumes, was used.

Material and Methods.

The method developed, relies on the fact that equal masses of bone and

of aluminium attenuate radiation in approximately the same way, due to

the fact that their atom numbers are nearly similar (Hodge et al 1935,

Mack, Vose 8 Nelson 1959). This means that any bone volume can be

expressed in an aluminium equivalent volume (AEV).

a) Photographic procedure.

An aluminium wedge v/as mounted in a positioning device. The wedge

thickness varied linearly from 1 to 11 m in a direction perpendicular

to the film, covering the thickness range of the maxillary and

mandibular bone. The wedge was packed in polyacrylate to simulate the

influences of secondary radiation of the tissues surrounding the bone

which was to be investigated. Standardized radiographs using an

optical bench were taken with a General Electric 1000 dental X-ray

unit, operated at 50 kVp, 1.0 s and 15 mA. Kodak ultraspeed film was

used. The radiographs were developed by hand with intermittent

agitation and dried by leaving the films in the water-basin and

lowering the water level very slowly to avoid drying-patches.

Standardization of the development and fixation procedures was not

necessary, because on every radiograph the reference wedge was

depicted.

b) Image analysis.

The images were entered into the memory of an image analysis computer

(VTOOM) with the aid of a video-camera and an analogue to a digital

converter (ADC). Images were digitized in 512 x 512 picture elements
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(pixels). Pixel-values, related to the local film densities, ranged

from 0 (black) to 127 (white). 128 negative pixel-values were also

available; they were only used after subtraction. All programs

were written in PASCAL.

In brief the analysis contains the following steps, which are

discussed below:

1. distribution of film densities over the pixel-values

2. alignment of images

3. correction for systematic inhomogeneities

4. translation into aluminium equivalent values

5. subtraction of aluminium equivalent pixel values of the images

6. calculation of bone differences and displaying of Ragions Of

Interest (i?Ol's)

7. correction for random inhomogeneities

In figure 1 results of these steps are illustrated. The steps will now

be discussed in more detail.

1. Distribution of film densities over the pixel-values

First the light source is adapted to the density of the images to

prevent camera overillumination.

In order to obtain maximal resolution the videoamplifier used is set

in such a way that the maximum pixel-value corresponds with the

Fig. 1: Different steps in the image analysis procedure prior to

quantification of bone differences between radiographs.

A = conventional radiograph of the molar region of a dry mandible

B = conventional radiographs of the same object with an aluminium

cylinder of 1.59mm3 in the pericdontium (arrow)

C = conventional radiograph (A) after digitization

D = conventional radiograph (A) after correction for systematic

inhomogeneities and translation into aluminium equivalent values.

E = subtracted images (aluminium cylinder is visible, see arrow)

F = subtracted image after contrast-enhancing procedure.

G = part of subtracted image after zooming and determination of region

of interest (ROD e.g. the place where the aluminium cylinder is

inserted.
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brighest spot found in the image of the wedge. This can cause overflow

in sane - for this study not interesting - bright areas of the image

(see figure 1 C-D; first and second molar).

2. Alignment of images

After selection of the proper settings of light source and amplifier,

the first image is digitized and stored in the memory. Subsequent

images are digitized after optimal alignment, with the trabecular

pattern of the bone serving as a reference frame. The alignment device

used is equipped with horizontal, vertical and rotational

micromanipulators. For better visual control of the accuracy of the

alignment, both images are intermittently displayed on a TV-screen

with a frequency of about 1 Hz.

To suppress effects of quantum and camera noise the images are

digitized at least twice and then averaged. Pixel-values in the

digitized image are proportional to the local light intensity on the

camera and so vary exponentially with the local film density.

3. Correction for systematic inhomogeneities.

In further steps of the procedure the aluminium wedge is used for

calibration. This implies that pixel-values of the image of the

anatomical structures are compared with pixel-values of the image of

the wedge. For this reason all inhcmogeneities must be eliminated from

the image. The main sources of systematic inhomogeneities on a

digitized image are:

- inhccnogeneities in the X-ray beam, due to the shape of the anode,

the so called Heel-effect (Christensen, Curry & Nunnally 1972). This

effect, which appears mainly in one direction, produces a variation of

about 10% in pixel-values (blackening) in our case.

- inhomogeneities in the light beam and camera-sensitivity. These

effects together produce an increase in blackening towards the edges

of the image, dependent on the exact aligmient of the image in the

light beam up to about 15% in this experimental set-up.

These and possible other inhomogeneities, equal for all radiographs,

are corrected together by making use of the image-processing system.

In view of the fact that the inhomogeneities are not extreme, we

assume that the image can be corrected by a linear transformation,
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which may be different at each spot on the image:

> (1)

in which i and j are the coordinates (1 -.512, 1..512) of a picture

element, X(i,j) and Y(i,j) respectively the non-corrected and

corrected pixel-values and A(i,j) and B(i,j) correction values. In

fact, A and B as well as X and Y describe complete images, so A and

B can also be stored in memories and the transformation can be carried

out by image multiplication and addition. The determination of A and B

is described in an appendix.

Correction for random inhcmogeneities will be discussed in section 7.

4. Translation into aluminium equivalent values

The wedge is divided from dark to light into 128 blocks, scanned, and

the average pixel-value in these blocks is determined as a function of

position on the wedge. From this function for each pixel-value in the

image,a new pixel-value is determined which is proportional with the

local aluminium equivalent thickness (AET). The value of this

proportion is determined by the known wedge dimensions.

5. Subtraction of aluminium equivalent pixel values of the images

Two calibrated images are subtracted. The pixel-values in the

subtracted image are directly proportional with the local difference

in AET. These differences may be positive, negative or nul.

6. Calculation of bone differences and displaying of Regions Of

Interest

As can be seen from figure 1 E the resulting image is approximately

homogeneously black in the periodontal bone regions, with lighter

areas indicating positive or negative differences between the

images. The adjacent root structures, which are outside of the density

range covered by the wedge and which are clearly visible, may serve

as a reference to find the anatomical structures. The visibility of

differences can be improved by some image-processing manipulations

such as multiplication, addition and colour-displaying, showing bone

loss or remineralization (Fig.1 F). These manipulations do not affect
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the data used for calculation. ROl's, which may have any location

form and size as long as no regions of overflow are included, are

appointed using a digitizing frame (see figure 1 G). The total

amount of bone difference is calculated by integration of the

pixel-values over the ROI. The actual wedge dimensions serve as a

reference for the determination of the area corresponding with

one pixel. The resulting volumes have the dimension of mm3 AEV. When

real bone differences are studied these may be expressed in

masses of aluminium by multiplication with the specific weight of

aluminium. These masses are equal to masses of bone.

7. Correction for random inhcmogeneities

The system still showed to be very sensitive for random film

inhomogeneities, probably caused by drying patches or development

inhomogeneities. These consisted of an unpredictable non-systematic

noise pattern superimposed on the image with dimensions of an order

larger then lesion dimensions. To be able to correct for this

phenomenon, the average pixel-value found in an area of 2 pixels

broad, bordering the entire ROI, was determined. The ROI form was

chosen in such a way that this ring was located as much as possible in

the bone tissue and that the lesion was completely covered. The

background value can be subtracted from the values found in the ROI.

In this way the background is set to 0.

Information about the model of the bone difference, expressed in AEV,

can be given by pixel print-outs and scaled coloured "maps".

Results.

The effects of essential steps in the method are presented in the

sequence as described above.

The accuracy of the alignment of 2 corresponding images was tested by

displaying on the monitor alternately two aligned pictures, showing an

extreme magnification of a region with high contrast. The

translational positioning error in alignment was in the order of 0.2

mm (2 pixels).

To test if the assumption was valid, that systematic inhcmogeneities

could be corrected by a linear transformation as described by equation
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(1), the correction was applied on linages of homogeneous aluminium

plates of 5 itm thickness, corresponding with the average AET of the

mandible (Richards 1953).

The corrected images were divided into blocks of 25 x 25 pixels thus

eliminating the effects of random inhomogeneities. Analysis of the

variation of the averaged values in rows and colums demonstrated that

structural inhomogeneity was reduced to about 1%.

The effect of correction for random inhcmogeneities and the system

accuracy and reproducibility were tested on a double series of 6

radiographs. These were taken from a dry mandible in which aluminium

cylinders of different, known volumes were inserted in the proximal

periodontal bone of the first molar. In each series, 5 radiographs

were subtracted from the one without aluminium. Thus 10 subtracted

images were obtained.

Initially, 5 ROl's of different sizes were appointed outside the

region where the aluminium was inserted. Here bone differences were

known to be absent. In one of these regions (with an area of 4.7mma)

the bone difference was calculated with and without correction in

all subtracted images (according to section 7 in Material and

Methods). This resulted in a mean volume of 0.96 mm3 and a standard

deviation of 0.94 mm3 for the uncorrected images and a mean volume of

0.07mm3 and a standard deviation of 0.20mm3 for the corrected images.

So with this correction far more accurate results were obtained.

In the following experiments the correction was always applied.

Subsequently in these 5 ROl's, differences were determined for all

subtracted images. For each ROI-size the mean value and standard

deviation of the 10 measurements was calculated. The mean value

differed from 0 by less than the standard deviation. In figure 2 the

standard deviation awas plotted as a function of ROI-surface A. It

appeared that ois approximately proportional to A:

O = & .A (2)

With a least-square fit it was found that A = 0.054 +/- 0.004 nm. This

value may be interpreted as the error in AET of the system. Thus in

principle, lesions thicker than 0.10 mm (2 standard deviations) can be

determined. From equation (2) the volume error at a given ROI-surface
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can be determined.

To test the accuracy of volume measurements, ROl's covering the

aluminium cylinder were defined and differences were determined. The

radiographs with the thickest cylinders were found to be translated

0.6

0.5

I 0.4

| 0.3

"5

J 0.2

0.1

O-A.A
A" 0.054+0.004 (mm)
r-0.98 "

8 10

ROI surface A (mm')

Fig. 2: Determination of system accuracy (standard deviation) of the

measurements as a function of KOI surface. In 10 pairs of radiographs

5 identical regions, where no bone difference is to be found, are

defined. Ihe standard deviations for each of these regions are

calculated and plotted.
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into values outside of the wedge and were not regarded. Hie results

are shown in table 1. All the volumes found, correspond to the actual

values within the standard deviation determined by equation (2).

serie 1 serie 2 real area
nr. vol. vol. vol. (nma) a

1 1.10 0.98 1.04 5.9 Q.3
2 1.67 1.80 1.59 5.9 0.3
3 2.12 2.19 2.15 5.9 0.3
4 5.18 5.22 5.30 8.3 0.4

Table 1.Measured volumes and actual volumes in mm3 aluminium equivalent of
aluminium cylinders placed into the periodontium of the dry
mandible for 2 series of subtracted images. The standard
deviations (a) are obtained from figure 2.

Discussion.

For the quantification of bone changes a continuous wedge was depicted

at the border of every radiograph. The use of a continuous wedge

compared to a stepwedge has the advantage that the translation

function from film densities to AET's can be determined directly

without interpolations. However care should be taken to average over a

sufficient number of pixels due to noise on the wedge in order to

avoid a non-smooth translation function.

In microdensitometric studies, inhomogeneities in the X-ray field

mainly due to the Heel-effect have been recognized. Corrections for

this phenomenon have never been made (Trouerbach 1982). The software

correction we developed is easily feasible with an image-processing

system and decreases inhomogeneities markedly.

The random inhomogeneities that occurred may be caused by stains on

the X-ray picture or may arise during the rinsing and drying

procedure. Further research in this field will be done. A row of 2

pixels bordering the region inspected IROI) was selected for the

background area used for the correction of these inhomogeneities.

This choice is somewhat arbitrary and care should be taken that no

overflow regions (such as molars) and regions with a real signal are

selected.
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Fig. 3: Digital subtraction demonstrated on radiographs of a patient

showing bone remineralization after periodontal treatment: (A)

conventional radiograph before treatment; (B) conventional radiograph

after treatment with a time interval of 4 months; (C) subtracted

image after visual contrast-enhancing procedures (compare figure

1 F). Bright areas indicate bone remineralization at the bottom of

proximal bone craters.

Statistically it was expected that the standard deviation a of the

measurements would be proportional to the square root of the number of

pixels considered and hence of the region surface. This is in

disagreement with the found linear relation. This may be explained by

the fact that the accuracy of the correction for random

inhoncgeneities also determines o. With increasing ROI-surface this

accuracy decreases, because the average distance between the inspected

pixels and the used background increases. So c increases in a

stronger way than originally was expected.

Vfe must stress that our studies were carried out on dry mandibles. In
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studies in man, the error may be expected to be slightly higher due to

positioning errors and lesions which are less sharply edged which

implies that a relatively large region has to be inspected wich may

be located more close to the teeth. As an example, in figure 3

subtraction on a set of radiographs from a patient is demonstrated.

The results presented here are obtained under certain experimental

conditions. The system accuracy and reproducibility under different

conditions, such as variable voltage and wedge enveloping material,

will be further studied.

From our investigations it can be said that the volumes of aluminium

inserted in the dry mandible could be detected well within the

determined error. We therefore conclude that with the use of an image-

processing system, lesions are accurately quantifiable in AEV and in

bone mass. This system enables quick analyzation of complete images.
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Appendix.

Determination of correction images.

The correction images A and B, used to correct for systematic
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inhomogeneities, can be determined by making use of the fact that

radiographs of homogeneous aluminium plates should render homogeneous

images after correction. As there are 2 transformation "images" to be

determined to carry out equation (1), 2 of such radiographs, a darker

and a lighter, e.g. D(i,j) and L(i,j) are digitized in the same way as

the images to be corrected. After correction, all pixels of these

images should have the same pixel-values, which we chose to be their

mid-point values D(256,256) and L(256,256):

D(256,256) = A(i,j).D(i,j) + B{i,j) (Ala)

L(256,255) = A(i,j).L(i,j) +B(i,j) (Alb)

Solution of this set of equations results in:

A(i,j) = L(256,256) - D(256,256)

L(i,j) - D(i,j) (A2a)

B(i,j) = D(256,256) - A(i,j).D(i,j)

To prevent overflow (values for A(i,j) higher than 1.0 cannot be

stored in a memory) not A itself, but A-1 was determined; this does

not change the actual procedure.

It should be stressed that this method is strictly empirical. Equation

(1) should be regarded as a first order cut-off of the polynome

expansion of the unknown "real" correction function. Taking into

account the second or even higher order terms would in principal yield

better performance. However, in practice these more complicated

calculations would give rise to either intolerable information loss or

extremely long calculation times.
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Abstract.

In this study, the in vitro validity of a quantitative digital

subtraction technique was investigated when influenced by the

following aspects: the material enveloping the aluminium reference

wedge, the radiation quality to which radiographs were exposed and

the effect of differences in image geometry between repeated

radiographs. The test object consisted of a dry mandible in which

small test objects made of aluminium with known volumes were

introduced. By means of the quantitative digital subtraction

technique, the aluminium volumes of these test objects were

determined. The best agreement between the measured volumes and the

actual volumes, was found when the aluminium reference wedge was

embedded in polymethylmethacrylate and a radiation quality of 50 kVp

was used. An increase in the differences in image geometry between

radiographs led to a decreasing validity and increasing inaccuracy of

the AEV measurements.

Introduction.

Digital subtraction radiography is an image processing technique with

a higher lesion detectability than the comparison of conventional

radiographs using observers (Grtindahl et al. 1983). Quantitative

digital subtraction radiography may be attractive for its replacement

of subjective observer studies since it quantifies the differences

between the images (Chapter 7). In addition, this quantitative digital

subtraction technique was superior with respect to the in vitro lesion

detectability of pericdontal bone changes when compared to assessments

of lesions by observers on photographic subtracted images or on

conventional radiographs (Chapter 9).

The image processing system which was rieveloped, quantifies bone

changes in mm3 aluminium equivalent volumes (AEV's) (Chapter 7). This

quantification in mm3 Al was realised by using an aluminium reference

wedge which is radiographed simultaneously with the object to be

investigated. The aluminium reference wedge was part of the bite block

of the paralleling device and was subjected under the same exposure

and developing conditions as the object. Local densities (per pixel)
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on the radiograph are used to relate the absorption of the radiation

in the object with the absorption in the reference wedge, giving an

aluminium equivalent thickness value (AET) for each pixel. Subtraction

of the AET's and multiplication of the difference per pixel with the

surface of the pixel as projected on the film, resulted in a

difference per pixel in AEV's (mm3 Al). The sum of these values for

all pixels resulted in the AEV of the difference between the images:

the AEV value of the lesion. A region of interest (ROD has to be

indicated to confine the area for which the AEV is determined.

Aluminium was chosen as material for the reference wedge because this

material is homogeneous and for a wide range of wave lengths of the

radiation the absorption characteristics and scattering properties are

similar to those of bone as well as for dentine (Hodge et al. 1935,

Mack et al. 1959).

The aim of this investigation was to test the validity of AEV

measurements for a number of variables. This was studied in an in

vitro experiment. A selection was made from those aspects with obvious

clinical relevancy such as:

-the effect of different materials enveloping the reference wedge.

Different materials of the bite block enveloping the wedge have

different scattering properties of the radiation and may therefore

influence the density curve of the image of the wedge. Therefore, the

condition under which the absorption and scattering properties of the

object as well as the wedge were similar, had to be determined.

-differences in radiation quality to which radiographs and the object

were exposed. Radiographs exposed to high kVp's show relatively low

contrasts, which may have an effect on the validity of AEV

measurements.

-differences in the image geometry of radiographs. The influence on

the validity of AEV measurements in "signal" (aluminium test object)

and "no signal" containing areas was investigated.

The effect of the exposure time was not investigated since its effect

was shown in another study (Chapter 9).
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Materials and methods.

-The effect of different materials enveloping the reference wedge

and the effect of different radiation qualities.

In order to investigate the influence of the radiation quality (kVp)

and the material of the bite block in which the reference wedge is

incorporated, on the quantification of Al cylinders with a known

volume into AEV's, the following in vitro experiment was carried out.

Small aluminium cylinders with volumes of 1.0 - 1.6 - 2.2 - 5.3 mm3

were placed in identical positions in the marginal approximal bone,

distal to the first molar of a dried mandible embedded in polyester. A

vertical cut going through the longitudinal axes of the teeth in the

direction of the dental arch permitted the positioning of cylinders

into the area of the crest of the interdental alveolar septum. The

aluminium equivalent volumes of these test objects were determined

under the following test conditions.

The radiographs were made with a paralleling device in which the

reference wedge was incorporated into a stainless steel bite block.

Stainless steel was selected for this study as the material enveloping

the wedge, since its strength permitted the construction of a small

bite block used in the paralleling device. However, this material

hardly generates secondary radiation. Kodak Ultraspeed films were

exposed with a General Electric 1000 Dental x-ray unit operating at

50 kVp, 15mA and 1.25 sec exposure time, or operating at 90kVp, 15mA

and 0.18 sec exposure time, with the aim to produce films of the same

average density. Two radiographs were made of each cylinder at each

radiation quality. The focus to film distance was 40cm. Films were

processed in Kodak LX 24 developer at 20°C during 4.5 min. and fixed

during 10 min. The complete experiment was repeated with a reference

wedge embedded in a polymethylmethacrylate bite block. This material

was selected for its absorption and scattering characteristics of the

radiation which were comparable with the soft tissue component of the

mandible and the maxilla. For each combination of wedge enveloping

material and radiation quality, the radiograph without the aluminium

object was subtracted from the radiograph with the object.
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-The effect of deviations in the angulation of the x-ray beam.

Quantitative digital subtraction is a procedure in which the image is

divided in a matrix of pixels and each pixel is given a value

according to its local density. Subtraction of the pixel values of

corresponding pixels of identical radiographs will result in similar

values (0) for all pixels. When presented as an image on the video

screen, it will show one uniform grey level. Differences in bone

content between pairs of radiographs become visible as localized dark

or bright areas against the homogeneous grey background, depending

upon the nature of the tissue changes (remineralization or

demineralization) and also which of the two radiographs is subtracted

from the ocher. Differences in image geometry between radiographs also

become visible as dark and bright areas. However, this pattern is more

generalized and may therefore influence the validity of AEV

measurements.

The effect of differences between x-ray images, produced by deviations

in the angulation of the x-ray beam, on the quantification of an Al.

cylinder, was studied using a dried mandible embedded in polyester,

which was mounted as shown in Fig. 1. The stand enabled us to

ALUMINIUM REFERENCE WEDGE

BASE OF THE CONSTRUCTION

I0R TEETH

POLYESTER SOFT TISSUE EQUIVALENT OF THE CHEEK

Fig. 1 Set up to produce images with different known differences in
the angulation of the x-ray beam.
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reposition the mandi.ble accurately. This construction was developed to

imitate the error in the positioning as found in a recent clinical

experiment (Chapter 6). In this study, the error between pairs of

radiographs was realised by changing the position of the mandible

whilst the x-ray source remained in the same position. Angles from 0°

to 2°.8 in steps of 0°.7 were used. The angulation was made in the

horizontal as well as in the vertical direction resulting in the

following variations: 0° - 0c.7 - 1°.4 - 2°.1 - 2°.8, measured on the

diagonal line bisecting these two directions. The paralleling device

used to align the x-ray apparatus for the zero angle starting

position, was mounted on the molar region by an acrylic impression

material. Polymethylmethacrylate was used as wedge enveloping

material. Radiographs were taken with a General Electric 1000 Dental

x-ray unit operating at 50kVp, 1 second exposure time, 15mA and focus

to film distance of 40cm. Three radiographs were made of the mandible

in the zero projection position. Following placement of an aluminium

cylinder with a volume of 2.2mm3 placed in the periodontal bone distal

to the first molar, three radiographs were made for each projection

geometry (5 positions). In total 15 images with the test object and 3

without the object 'Were obtained. For each projection angle,

subtracted images were made by combining one of the three images

without a test object made with zero projection angle and another of

the three images with a test object ("signal" containing) made with a

certain projection geometry. Between each of the two sets of 3

radiographs, 9 combinations can be made. These are, however, not

completely independent. For the experiment 5 independent combinations

were selected. As a result, 25 independent combinations were available

from the three no signal containing radiographs and the other fifteen

radiographs with a signal. A small ROI of 3,8mma was chosen, covering

the test object of 2.2 irm3 on the subtracted images, due to the higher

inaccuracy of AEV measurements in larger RDl's. Furthermore 5 other

regions of interest (ROl's) of different sizes were chosen, covering

the periodontal bone but not the test object so as to study the

effect of the ROI surface of these "no signal" containing areas and

variations in projection geometry on the mean and standard deviation

of AEV measurements.
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Results.

In this study radiographs were made with different kVp's and exposure

times to obtain images with similar mean densities. The films showed

mean densities of 1.04 and 1.06 respectively for radiographs exposed

to 50kVp and 90kVp measured on the transition from root to

periodontium in the area most relevant for the progression of

periodontal disease.

Table 1 shows the AEV's found for the different test conditions. The

best results are those which have the smallest deviations frcm the

actual volumes. This was expressed by the standard deviation (the root

of the mean squares of the deviation from the actual volumes).

Significant differences were found between the standard deviations of

the results for 50 and 90 kVp using a polymethylmethacrylate wedge

enveloping material (P8;8)=3.85;p < 0.05), between the standard

deviations of the results obtained using a stainless steel and

polymethylmethacrylate wedge enveloping material at 50 kVp

50kVp 90kVp actual
volume

Wedge incorporated in 0.88 - 0.95 (mm3) 1.22 - 1.45 (mm3) 1.0 (mm3)
polymethylmetacrylate 1.41 - 1.29 1.98 - 2.46 1.6
bite block 2.16 - 2.26 2.23 - 2.93 2.2

4.80 - 4.82 5.47 - 6.04 5.3

root of the mean
squared deviations
from the real 0.27 mm3 0.53 mm3

values

Wedge incorporated 0.61 - 0.86 (mm3) 0.60 - 1.22 (ran3) 1.0 (mm3)
in stainless steel 1.35-1.31 1.03-0.74 1.6
bite block 1.59-1.71 1.03-1.62 2.2

3.91 - 4.34 4.55 - 4.60 5.3

root of the mean
squared deviations
from the real 0.69 mm3 0.71 mm3

values

Table 1. The influence of radiation quality and the surrounding of the
wedge on the aluminium equivalent volumes of cylinders, with a known
volume.
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(F(8;8)=6.53 p <0.01) and between the standard deviations of the

results for 50 kVp polymethylmethacrylate material and 90kVp stainless

steel (F(8;8)=6.92 p<0.01). The smallest value was found when a wedge

embedded in a polymethylniethacrylate bite block and a radiation

quality of 50kVP was used.

It could be observed that the volumes of test objects (Fig.2A)

calculated on radiographs exposed to a radiation quality of 90 kVp,

using a wedge enveloped in polymethyLnethacrylate, had higher values

than the actual volumes. A possible explanation of this effect of

radiation quality, which was absent for 50 kVp may be explained by a

larger amount of scatter radiation at 90 kVp generated in the

polymethylmethacrylate around the wedge than in the object. This

resulted in a less steep density curve of the wedge at the same

density values. Therefore, the measured volumes were increased with a

certain percentage. It could also be observed in Fig.2B, using a wedge

enveloped in stainless steel, that the calculated volumes became

smaller than the expected values with increasing real volume of the

test object for both 50 and 90 kVp. This effect may be explained by

the lack of secondary radiation generated in the material enveloping

the wedge, whereas in the tissues of the object scatter radiation was

generated. This means that for the same density, the density curve of

the wedge is steeper when secondary radiation is absent. Therefore,

the measured volumes were reduced by a certain percentage.

0

•

*

Fig.

i i.» 7.1

WtVP
WkVR

2A

1 LI 2.7 S.J

IkVp MTUAl VOllNfS

Fig. 2B

Fig. 2A: wedge enveloped in polymethylmethacrylate
Fig. 2B: wedge enveloped in stainless steel
The accuracy of the registered AEV's compared with the actual volumes.
The ideal relation between these two values is indicated by the
straight line.
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The results of measurements of the AEV's of an aluminium cylinder with

a volume of 2.2nm3 with different deviations in projection geometry

was shown in Fig. 3. Without a projection error the deviation from the

actual volume was 0.3%. The largest deviation from the actual volume

was 25% at 2°.1. There was a tendency that the mean AEV increased

from the actual volume with increasing deviations in angulation. This

finding was unexpected, since it was anticipated that the AEV's of the

test object would fluctuate around the 2.2mm3 AEV value for the

various deviations in projection angle. Fig. 3 also showed an increase

in the standard deviation of AEV measurements with an increase in the

alteration of the angulation.

MEAN

S.D.

2.193

0.066

£349

0.137

2 624

0.229

2.746

0.296

2.509

0.214

< Z.2MM3-

2

0* 0*7 1°4 2*1 2*8

DEVIATION IN PROJECTION GEOMETRY (IN DEGREESI

Fig. 3. Aluminium equivalent volumes of an Al cylinder with a volume
of 2,2mm3 for different deviations in projection geometry. Hie
vertical lines represent the average ±2 * S.D.

Table 2 showed the mean AEV's of a number of ROI sizes without test

objects for the various differences in the beam angulation. The values

were obtained as a result of five measurements per ROI size. For

subtracted images of radiographs made with the zero projection angle,

the mean AEV's of the several ROl's varied from -0.057 to +0.174 with

a mean of these means of 0.041. As expected, these values approached

zero because radiographs without any "signal" were subtracted from
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Deviations in projection geometry

ROI surface in rim2 0° 0°.7 1°.4 2°.1 2°.8

1.9
3.1
5.7
7.6
11.7

0.040
0.052
-0.057
-0.005
0.174

-0.023
0.025
-0.188
-0.181
-0.176

-0.027
-0.059
-0.023
-0.362
-0.243

-0.110
-0.085
0.262
-0.694
-0.997

-0.201
-0.023
1.252
-0.521
-0.371

mean of
means

-0.064
-0.018
0.249
-0.353
-0.323

mean of means = 0.041 -0.109 -0.143 -0.325 0.027

Table 2. Means (in rim3 Al) for various ROI surfaces and for
different angulations of the projection.

each other. For radiographs with differences in image geometry, the

mean AEV's of the same ROl's varied considerably from -0.997 to

+0.262mm3 Al, with one extreme value of +1.252mm3 Al. The mean AEV's

determined on radiographs with differences in image geometry, tended

to have a negative value. Table 3 showed the influence of the size of

the ROl's and the difference in beam angulation between the

radiographs on the standard deviations of AEV's measured. These values

are also calculated using 5 measurements. Both the ROI surface

(F(4;16)=26.7 p <0.01) and the difference in beam angulation

(F(4;16)=5.33 p<0.01) had a significant effect on the standard

deviations of the measurements. The smallest standard deviation was

ROI surface in mm2

1.9
3.1
5.7
7.6

11.7

mean

Deviations in projection geometry

0° 0°.7 1°.4 2°.1 2°.8

0.025
0.023
0.075
0.102
0.309

0.036
0.012
0.057
0.141
0.293

0.042
0.059
0.225
0.167
0.253

0.053
0.039
0.171
0.238
0.422

0.070
0.061
0.209
0.419
0.437

mean

0.045
0.039
0.147
0.213
0.343

0.107 0.108 0.149 0.185 0.239

liable 3 Standard deviations (in irm3 Al) for various ROI surfaces
and for different angulations of the projection.
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found for small angles combined with small ROI surfaces. Table 4

derived from Table 3 showed the linear regressions between the ROI

surface and the standard deviation of AEV measurements for

different projection geometries. Table 4 also gave the standard

deviations from Fig.3 as well as the standard deviations calculated

from the regression line by multiplying the ROI size (3.8 mm2) with

the coefficients of the linear regressions. The standard deviations of

the measurements with the test object from Fig.3, demonstrated higher

values than the calculated standard deviations from ROl's without test

objects. The difference can be neglected only for measurements on

subtracted images of pairs of radiographs without differences in image

geometry.

linear regression S.D. of ROI(3.8mma) S.D.from
Fig. 3

deviation of
projection
geometry

0°
0°.7
1°.4
2°.1
2°.8

S = 0.021R
S = 0.021R
S = 0.024R
S = 0.033R
S = 0.041R

0.080mm3

0.080mm3

0.091mm3

0.125nm3

0.156mm3

0.086mm3

0.137mm3

0.229mm3

0.296mm3

0.214mm3

Table 4. Linear regressions between the ROI surface (R) and the
standard deviations of AEV measurements (S) for the different
deviations in projection geometry. The standard deviations of a ROI
with a surface of 3.8nma were calculated by multiplying the
coefficient of the regression line with 3.8.

Discussion.

In quantitative digital subtraction radiography, the densities in a

ring of two pixels around the region of interest (ROI) are averaged

and subtracted from the value found within the ROI, presuming that no

bone changes have occurred in this ring (Chapter 7). In spite of this

correction, the variations in mean AEV's as shown in Table 2 were

unexpected large especially when differences in image geometry were

present. Smaller deviations from zero were expected because the AEV
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values of the artefacts on the subtracted images, caused by

differences in image geanetry, obtained from the ROI as well as from

the ring of two pixels around this ROI, were subtracted from each

other. Another conspicuous finding of Table 2 was the large number of

negative values when radiographs demonstrated differences in image

geanetry. This phenomenon may be explainer! either by a consistent

error by the investigator when superimposing two radiographs with an

angulation error of the x-ray beam, or by the angulation error which

was repeatedly made in one direction. The slight increase in the mean

AEV's of "signal" containing areas with an increase in the angulation

error (Fig. 3) corresponded with the reduction of the mean AEV's of

"no signal" containing areas with increasing deviations in projection

angle (Table 2). To assure a high validity of AEV measurements, the

results fran Table 2 indicated that up to now only radiographs without

notable differences in image geometry could be used. Algorithms

developed to correct for these differences, may raise the permissible

deviation in angulation of the projection.

The standard deviations of the AEV's of the aluminium test object of

Fig. 3 were significantly larger than the standard deviations of AEV's

calculated on the basis of the linear relationships of Table 4. In

contrast, an acceptable discrepancy between the results was found for

subtracted images of radiographs with no differences in image

geanetry. This result may be explained by the different positions of

the ROI's containing the test object and those ROI's used for

determination of the regression lines between the standard deviation

of AEV measurements and the ROI surface. The ROI of the test object

was situated around the marginal periodontal bone crest. In this area

where large density steps are present, artefacts on subtracted images

due to projection errors cause relatively large signals. Whether this

signal is situated in the ring of two pixels around the ROI or in the

ROI does not matter - it will always result in larger standard

deviations of AEV measurements. For this reason it may be concluded

that the standard deviations of AEV measurements have to be calculated

for each ROI itself. In vivo, this is only possible if more

combinations between radiographs, taken with a certain time interval,

can be used to calculate the inaccuracy of AEV measurements in this

ROI. For this purpose at least two consecutive radiographs per visit
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of the patienc have to be made. In addition, the accuracy of these

measurements will increase with /n where n is the number of

combinations between pairs of radiographs.

In this study a selected number of variables was tested with regard to

their effect on the validity of AEV measurements. If other variables

- the construction of the bite block in which the wedge was held,

other materials enveloping this wedge, the difference between soft

tissue thickness of the object and the wedge, a wider range of kVp's

to which radiographs were exposed, - are investigated a better

understanding might be obtained for the consistently found differences

shown in Table 1. However, the differences between the measured

volumes of the aluminium test objects and the actual volumes were

small and within clinically acceptable limits when radiographs were

exposed to 50 kVp, when the reference wedge was enveloped in

polymethylmethacrylate, when the paralleling device described in

chapter 6 was used and when radiographs without differences in image

geometry were used.
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Abstract.

Removed cylinders of bone in the crest of the periodontal bone of a

dry human mandible were recorded radiographically. The artificial

lesions had diameters of 0.3mm increasing to 1.4mm in steps of 0.1mm.

Images were obtained by making exposures using three different x-ray

tube potentials and three different irradiation times. These nine

different images of each lesion size resulted in three categories with

different mean densities. Observers were asked to determine the

presence or absence of periodontal bone lesions on conventional

radiographs and on photographic subtracted images by comparing pairs

of images. The images were also evaluated by digital subtraction

radiography. To quantify differences between radiographs, an aluminium

reference wedge incorporated in the paralleling device was depicted

together with the object. This study showed that the lesion

detectability of the three techniques diminished in the following

order: quantitative digital subtraction radiography using an image

analysis computer, the evaluation of photographic subtracted

radiographs and the comparison of conventional radiographs by

observers. Only the lesion detectability of digital subtraction

radiography was influenced by the nine different exposure conditions.

Introduction.

A recent study by Goodson et al.(1984) suggested that loss of clinical

attachment may precede periodontal bone loss. The loss of bone was

determined on conventional radiographs by measuring the distance

between the cemento-enamel junction and the crest of the approximal

periodontal bone. This measurement is a rather insensitive method of

recording periodontal bone changes. It is known that small density

changes in the bone, preceding morphological changes, are difficult to

detect on conventional radiographs because these density changes are

obscured by the complex anatomic structure. This, so called structured

noise can be reduced by subtraction radiography (Ziedses des Plantes,

1934) which raises the detectability of differences between paired

radiographs.

Until now, the sensitivity of subtraction radiography was studied by

103



comparing it with conventional radiography using observers (Grflndahl

et al. 1983, Grondahl et al, 1983). These studies showed that

subtraction radiography had a higher detectability of periodontal bone

lesions than the comparison of conventional radiographs. However, the

evaluation of subtraction radiography which depends on the rather

subjective observer's criteria, has drawbacks. Therefore, the

quantitative digital subtraction technique (Chapter 7 of this thesis)

was used in this study.

The first stage was to investigate the lesion detectability of in

vitro produced pericdontal bone lesions - by observers using

conventional radiographs and photographic subtracted images followed

by a quantitative digital subtraction technique using an image

analysis computer. The latter method is an attractive alternative to

study the longitudinal behaviour of periodontal bone changes, since

the intra- and interobserver variability is eliminated. The second

stage of the present study deals with the influence of the exposure

conditions, by varying the x-ray tube potential (kVp), the x-ray tube

current and exposure time (mAs), on the detectability of periodontal

bone lesions on radiographs.

Materials and Methods.

A dry human mandible, embedded in polymethylmethacrylate, was used.

Mesial to the first molar, bone cylinders were removed, starting with

a diameter of 0.3mm and increasing to 1.4mm, in steps of 0.1mm,

resulting in 12 lesion sizes. Each subsequent and larger cylinder was

drilled in the same place as the former one. The depth of all

cylinders was 1.5mm. Each of the various sizes of the cylindrical

portions, removed from the approximal bone, was radiographed using

different kVp and mAs values (Table 1). Exposure times were selected

so as to result in the same mean density for each series (bright,

medium and dark images). The mean density was measured on the

transition from bone to root in the area to be studied. The total

filtration of the beam was 0.5 mm Al for 50kVp, 2.5 mm Al for 70 kVp

and 4.5 mm aluminium filtration for 90kVp in order to have a wide

range in the radiation quality. Kodak Ultraspeed films (size 2) were

exposed by a Philips Practix 90/20 x-ray machine, type XB 7002 and
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condition nr.

Exposure time:

mean density:

condition nr.

Exposure time:

mean density:

condition nr.

Exposure time:

mean density:

50kVp -

70kVp -

90kVp -

0.5mm Al

1
low D

0.3

0.95

2.5mm Al

4

0.16

0.92

4.5mti AL

7

0.12

0.91

. filtration - HVL = 1.20ren> Al

2
medium D

0.54

1.31

3
high D

1.16

2.11

. filtration - HVL = 2.60mm Al

5

0.32

1.33

6

0.64

2.18

. filtration - HVL = 4.25mm Al

8

0.24

1.39

9

0.48

2.19

Table 1
Exposure conditions of the nine series of films.

processed in Kodak LX 24 developer at 20°C during 4.5 min. and fixed

during 10 min. The focus to film distance was 40 cm. For each

exposure condition a series of 14 images, containing 12 radiographs

with a defect ("signal") and 2 without a defect ("no signal") were

made, resulting in nine series.

Photographic subtraction radiography was performed by producing masks

(contact reversed copies) of the radiograph of the dry mandible

without the simulated periodontal defects. The masks were made on

Kodak 4127 film and processed to produce a y = 1 in order to

compensate for the densities of the conventional radiographs. A y = 1

was obtained by processing the film in fresh Kodak D 76 developer at

20°C during 10 min. (Kruyt 1976) using nitrogen agitation pulses of

2.5 sec. with a time interval of 6.5 sec. These masks were

superimposed on the conventional radiographs with and without defects

and mounted in a slide frame.

For each of the nine series, ten observers were asked to compare the

13 conventional radiographs as well as the 13 subtracted images

(containing 12 "signal" images and 1 "no signal" image) with an image

containing no defect. The observer's assessments of the nine series

were repeated three times with an interval of one week between each
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{ observation. The threshold in the detectability for each observer was

•j definei as the smallest defect size in a series of at least three

consecutive increasing defect sizes which were consistently detected

: at the three examinations.

The third method, a quantitative digital subtraction technique,

quantifies the bone defects in the dry mandible in aluminium

equivalent volumes (AEV's) according to the method described in

chapter 7. For this purpose an aluminium reference wedge,

incorporated into the paralleling device was depicted together with

the object on one side of every radiograph. Quantification was carried

out by digitizing the image. Corrections for inhomogeneities which

could not be observed by human interpretation, translation in

• aluminium equivalent volumes (AEV's in mm3 Al.), and subtraction of

the AEV's with the use of a computer were performed as previously

described (Chapter 7). On the subtracted images, which appeared on the

, monitor screen, a region of interest (ROI) of 3.9 mm2 containing the

defect was indicated.

To determine the error in the AEV measurements, 4 ROl's of different

' sizes in another area of the bone containing no defect were indicated

j on the subtracted images and the AEV values were determined. This was

repeated 11 times. A difference in AEV values between radiographs with

and without a defect is considered to have given a true positive

result if the AEV exceeds the one sided 5% level in the spread of the

AEV's obtained from the no signal containing parts of the images.

Results.

-The conventional method of comparing x-ray images and the

photographic subtraction technique.

-True positive scores.

The threshold in detecting defects for all observers in relation to

the exposure conditions is given for conventional images in Table 2

and Fig. 1 and for subtracted images in Table 3 and Fig. 2. The

results of Table 2 show no significant differences between the nine

exposure conditions (F(8?72)= 1.609; p=0.1). There is however a
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observers

1

2

3

4

5
<i

7

8

9

10

1

0.8

0.9

0.9

0.9

0.9

1.0

0.8

1.3

1.2

0.9

50kVp

2

0.7

0.9

1.0

0.5

1.0

0.9

0.8

1.3

1.2

0.9

3

0.6

0.8

0.8

0.8

0.8

0.7

0.8

0.8

0.9

0.9

exposure conditions

4

0.6

1.0

1.0

0.8

0.7

1.0

0.8

0.9

1.0

0.8

70kVp

5

0.5

0.7

0.9

0.5

1.0

0.9

0.9

0.9

1.0

0.7

6

0.7

0.7

0.8

0.9

0.8

1.2

0.9

1.0

0.9

1.0

7

0.6

1.1

1.1

0.8

0.9

0.6

0.9

1.1

0.7

0.7

90kVp

8

0.6

0.9

0.9

0.5

0.9

0.9

0.9

1.0

1.4

0.9

9

0.7

0.9

0.9

0.7

0.9

0.7

0.9

0.9

1.0

0.9

mean

0.64

0.88

0.92

0.71

0.88

0.88

0.86

1.02

1.03

0.86

mean 0.92 0.96 0.85 0.86 0.89 0.80 0.85 0.89 0.79

Table 2. Thresholds in detecting defects for ten observers using

conventional radiographs for nine exposure conditions.

exposure conditions

observers

1

2

3

4

5

6

7

8

9

10

1

0.7

0.7

0.7

0.7

0.9

0.8

0.9

0.9

0.8

0.8

50kVp

2

0.4

0.5

0.6

0.5

0.6

0.6

0.8

0.8

0.4

0.6

3

0.5

0.5

0.5

0.5

0.5

0.4

0.8

0.8

0.4

0.4

4

0.6

0.6

0.7

0.7

0.6

0.6

0.9

0.8

0.8

0.7

70kVp

5

0.8

0.7

0.7

0.6

0.8

0.8

0.9

0.8

1.0

0.7

6

0.5

0.6

0.7

0.4

0.5

0.5

0.7

0.7

0.5

0.6

7

0.9

0.6

0.9

0.9

0.7

0.9

0.9

1.1

0.9

0.7

90kVp

8

0.6

0.4

0.6

1.3

0.5

0.5

1.0

0.9

1.0

0.8

9

0.7

0.7

0.6

0.6

0.9

0.7

1.0

0.9

0.5

0.7

mean

0.63

0.59

0.67

0.69

0.67

0.64

0.88

0.86

0.70

0.67

mean 0.79 0.58 0.53 0.70 0.78 0.57 0.85 0.76 0.73

Table 3. Thresholds in detecting defects for ten observers using

photographic subtraction radiography for nine exposure

conditions.
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Fig. 1
Percentages of observers who were able to identify a defect with a
given diameter on conventional radiographs. Nine exposure conditions
were tested.
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Fig. 2
Percentages of observers who were able to identify a defect with a
given diameter on subtracted images. Nine exposure conditions were
tested.

108



significant difference between the results of the ten observers

(F(9;72)= 7.062; p=0.001). Table 3 suggests an effect of the exposure

conditions on the observation thresholds. However, these effects could

not be demonstrated statistically because of the strong interaction

between the effects of kilovoltagepeak and density, for which no

reasonable explanation could be given (F(4;72)=3.72 ; p<0.01). The

observers had a significantly different effect on the thresholds

(F(9;36)=4.39; p<0.01). In Fig. 1 and Fig. 2, each curve represents

the relation between the observation threshold and the percentage of

observers reaching this threshold for a certain exposure condition.

Comparing the figures, it can be observed that the curves for

subtracted radiographs are positioned more to the left than the curves

for conventional radiographs, indicating a lower threshold in

detecting pericdontal bone lesions on subtracted radiographs. When the

average observation thresholds for conventional radiographs of the ten

observers for each of the nine exposure conditions were compared with

the averages for subtraction radiography, the differences were

significant (Wilcoxon signed rank test: Z=-2.52, n=9; p=0.01). It can

therefore be concluded that the photographic subtraction technique

shows a significantly better lesion detectability than the comparison

of conventional radiographs.

-False positive scores.

The inclusion of a "no signal" image in the nine series of 13

radiographs justifies the registration of the total number of false

positive assessments (with a maximum of 27 false positive findings).

The number of false positive scores shown in Fig. 3 are lower for

subtraction radiography than for conventional radiography, indicating

a higher specificity of the subtraction technique. The figures also

show the correlation between the lowest observation thresholds of one

of the nine series for each observer and the number of false positive

scores. This correlation was only significant when conventional

radiographs were compared (r=-0.719; n=10). The other correlation

coefficient was -0.479 (n=10). This relation means that an observer

with a low observation threshold has a larger chance to make false

positive scores than an observer with a high threshold. The selection
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Relation between the observation thresholds and the number of false

positive scores of ten observers for conventional and subtracted

images (maximum false positives=27).

of observers seems therefore a rather important factor for evaluating

periodontal bone changes when conventional radiographs are compared.

The average percentage of false positive findings was approximately

31% for conventional radiography and 17% for subtraction radiography.

-The quantitative digital subtraction technique.

All images, made of the different bone defects in the dry mandible

under nine exposure conditions, were stored in the memory of the

computer. For each exposure condition, the "signal" containing images

were subtracted from the "no signal" image. Differences between the

images producing the subtracted image were expressed in AEV's. Of the

nine exposure conditions, three with the highest mean density could

not be used for digital subtraction because the bone densities were

not in the range of the density values of the aluminium reference

wedge. This was caused by attenuation of the secondary radiation in

the stainless steel, enveloping the reference wedge. As a result the

wedge was depicted brighter than a similar object on the radiograph

itself.

The regression coefficients of the relation between the AEV's and the

size of the bone defects are shown in Table 4. The relation between

these two variables was described by a linear regression V=aS+b, in

which S represents the diameters of the removed bone cylinders and V

the measured AEV's of these cylinders. For 50 kVp, low mean density
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mean density

kVp 0.93 (low D) R 1.34 (medium D) R

50 -0.519 - 0.041 -0.93 -0.830 - 0.107 -0.48

70 -0.748 + 0.198 -0.86 -0.569 + 0.062 -0.92

90 -0.590 + 0.083 -0.76 -0.660 + 0.211 -0.32

Table 4. Values for "a" indicating the slope of the regression line
between the aluminium equivalent volumes (AEV's) and the defect
diameters of the in vitro induced defects on radiographs for six
exposure conditions. The second value gives "b" indicating the
intersections of this line with the AEV-axis. R=correlation
coefficient.

(D=0.95), the relation is presented by V=-0.519S- 0.041. The

correlation coefficients in Table 4 show that the best fit is obtained

for the low mean densities at 50 and 70 kVp and for the medium mean

densities at 70 and 90 kVp. It seems that extremes in the contrast

give less reliable results (50 kVp medium mean density-90 kVp low mean

density). The ROI, which covered the defect completely, was 3.9 mm2

during all measurements. The linear regressions were used to determine

the AEV's corresponding to a certain defect diameter.

Table 5 shows the values of "b", determining the slope of the

regression between the ROI surface and the standard deviation for the

mean density

0.93 (low D) 1.34 (medium D)

kVp Coefficient S.D.roi=3.9nm2 Coefficient S.D.roi=3.9mn:!

50 0.015 0.059 0.051 0.199

70 0.021 0.082 0.024 0.094

90 0.032 0.125 0.025 0.098

Table 5. Values for "b" indicating the slope of the linear
relationships (y=bx) between surface of the ROI and the standard
deviation for six exposure conditions. The standard deviations of the
ROI with a surface of 3.9 mm2 were calculated by multiplying the "b"
value with 3.9 ran3.
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six exposure conditions. The lowest values for "b" were found for the

exposure conditions: 50kVp and 70kVp low mean density (D=0.95

respectively D=0.92), indicating the conditions which result in a low

standard deviation i.e. a relatively high accuracy- The standard

deviations for a ROI of 3.9 mi2, are also shown in the table. They

were calculated by multiplying "b" by 3.9. The exposure conditions 50

kVp medium mean density and 90 kVp low mean density showed a

relatively high standard deviation of the AEV measurements. The

relatively high inaccuracy of AEV measurements for these exposure

conditions may explain the low correlation coefficients of Table 4.

For the series exposed to a radiation of 50 kVp medium mean density,

this is probably caused by the high contrast which results in a rather

dark image of the thinnest part of the wedge. The video camera of the

image analysis system could not distinguish different density values

in this area. Only the thicker 2/3 part of the reference wedge could

be used for transformation of densities into aluminium equivalent

thicknesses (AET's) resulting in a lower accuracy of the digital

subtraction technique under this exposure condition. The inaccuracy of

AEV measurements in the series exposed to a radiation of 90 kVp low

mean density is probably caused by the small contrasts in the image of

the reference wedge. This increases the noise when expressed in AEV

values and results in a larger standard deviation of the AEV values.

It can therefore be concluded that extremes in the contrast have to be

avoided: low densities at high kVp's and high densities at low kVp's.

-The percentage of true positive scores-

The standard deviations for a ROI of 3.9 mm2 from Table 5 can be used

to indicate significant results, accepting a certain probability

(generally 5%) of false positive decisions. For different defect sizes

the probability of true positive decisions (the alternative

hypothesis) can also be determined. The percentage of true positive

scores was calculated, assuming that the standard deviation is not

influenced by the defect size.

In Fig. 4, the calculated percentages of true positive scores at

given defect diameters are shown for the exposure conditions 50 kVp

low mean density, 70 kVp low and medium mean density and 90 kVp medium

112



TO W»- IOW MEAN DENSITY
JO t V l - W W MEAN DENSITY
MW»-MEOIUMMEAND£NSITY
mtVl -MEDIUM MEAN DENSITY

0 0.1 0.2 0.3 0.4 as 0.6 (17 tt8 a9 1 1.1 1.2 1.3 1.4 1.5

DEFECT DIAMETER IN MM.

Fig. 4
Percentages of true positive scores with quantitative digital
subtraction radiography for different defect diameters with an
accepted percentage (5%) of false positive scores. Four series of
radiographs exposed with different exposure conditions.
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Fig. 5
Percentages of true positive scores for different diameters of
periodontal bone defects using 3 observation methods: quantitative
digital subtraction by computer, photographic subtraction and
comparing conventional radiographs by observers. The probabilities of
false positive decisions for the digital subtraction technique were 5%
and 1%. For the photographic subtraction and conventional radiography
these probabilities were 17% arrf 31% respectively.
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mean density. The curves start at the 5% false positive decision

level. In this ^igure the exposure conditions 70 kVp low mean density

and 50 kVp low mean density showed the highest lesion detectability.

This is mainly caused by their high accuracy of AEV measurements.

In Fig. 5 quantitative digital subtraction radiography with an

accepted percentage (5% and 1%) of false positive scores is compared

with photographic subtraction radiography and conventional radiography

analysed by observers. The curves for the digital subtraction

technique were determined by averaging the results for the exposure

conditions with the highest lesion detectability (50kVp low mean

density and 70 kVp low mean density). For conventional radiographs as

well as for photographically subtracted images, the nean curves of the

curves for the nine exposure conditions were calculated, because no

significant different effect was found between these nine conditions

on the observation thresholds of the observers. Fig. 5 clearly

demonstrates that the highest sensitivity for detecting periodontal

bone loss is obtained by quantitative digital subtraction radiography.

The difference between the systems can also be evaluated by giving the

50% level of true positive scores. For digital subtraction, accepting

5% false positive scores this level is reached foi a defect diameter

of 0.2 mm, whereas for photographic subtraction, 50% of the observers

perceive a defect with diameter 0.65 mm and for conventional

radiographs 50% of the observers perceive a defect with diameter 0.83

mm. The false positive scores which were determined for the three

techniques are 5% and 1% both for digital subtraction, and 17%

respectively 31% for photographic subtraction and a comparison of

conventional radiographs. These figures are also in favor of the

digital subtraction technique.

Discussion.

This study shows that subtraction radiography is much more sensitive

for detection of periodontal bone changes than the comparison of

conventional radiographs. The results show that exposure conditions do

not influence the observation thresholds when comparing conventional

radiographs. An explanation of this phenomenon may be that higher

contrasts on radiographs exposed to low kVp's and with high mean
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densities increase the lesion detectability but at the same time

obscure this increased detectability due to increased structured

noise. The exposure conditions also failed to have an effect on the

observation thresholds of photographic subtracted images, on which no

structured noise occurred. It was expected that subtracted images of

radiographs exposed to low kVp's and with high mean densities (D=±2.2)

would show low observation thresholds, caused by the high contrasts of

the defect against the relative homogeneous background. However, the

strong interaction between the effects of kVp and density on the

observation thresholds prevented the main effects from becoming

statistically significant. There are no theoretical grounds for an

explanation of the odd-looking interaction.

The standard deviation of AEV measurements, used to compute the true

positive scores (Fig. 5 ), was measured in ROl's outside the ROI

covering the defect. In another study (Chapter 8) it was shown that

when radiographs are used with deviating x-ray beam angulations, the

standard deviation of AEV measurements should be calculated in the

test ROI itself. The inaccuracy of AEV measurements on radiographs

with errors in the reproducibility depends on the area under

investigation. However, in this study only radiographs without errors

in the reproducibility were compared, which permits the use of ROl's

outside the area covering the defect. In the experiments, the test ROI

surface was kept constant with a diameter of ±2 mm while the defect

diameters were smaller than 1 mm in diameter. This ROI was chosen to

be sure that the defect was covered completely. The relatively large

ROI caused a higher standard deviation of AEV measurements resulting

in a lower lesion detectability of the quantitative digital

subtraction technique. With a smaller ROI size the lesion

detectability would have been better.

The standard deviation (a) of the AEV was practically proportional to

the surface of the ROI. The root mean squared deviations of the

observed deviations from this linear relationship, including the six

exposure conditions, was 0.03 mm3. This result confirms the findings

of chapter 7.

The relation between the volume of a bone cylinder in AEV and its

diameter, keeping the height of the cylinder constant (1.5 mm.) can be

expected to be quadratic (y=-ax2), if only compact bone was removed.
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The high correlation coefficients of Table 4 indicated that the

relation between the defect diameter and its AEV's were linear. The

material removed consisted mainly of trabecular bone, which may

explain the unexpected relationship.

In this study the material enveloping the reference wedge was

stainless steel. This material is very unlike the soft tissues

surrounding the bone and is therefore different in generating

secondary radiation. However, it seems to have no dramatical effect on

the accuracy of AEV measurements. The coefficients of the linear

relationships between the standard deviation and the ROI surface of

chapter 7, in which a polymethylmethacrylate wedge enveloping material

was used, was 0.054 while in this study a value of 0.051 was obtained

for corresponding exposure conditions. In another study (Chapter 8)

the effect of different materials enveloping the reference wedge on

the validity of AEV measurements will be shown.

It has to be emphasized that this study was performed in vitro. The

accuracy of all three described methods will probably be lower in an

in vivo experiment due to e.g. the difficult standardization of x-ray

images (see Chapter 6) and to the lack of standardization of the

position of the soft tissues.
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Abstract

In this study serial radiographs of 9 patients were taken to register

the periodontal bone changes in a 5-8 month period. Differences in the

bone between radiographs were quantified using a digital subtraction

technique. Images of 5 patients could not be used for analysis,

because of technical difficulties. Radiographs of the remaining 4

patients were analysed and showed that in 23% of the measured sites

changes in the mineral content could be detected. The changed sites

were found in only two patients. One patient showed 3 sites with

remineralization, while the other patient showed 2 sites with

demineralization. The differences detected ranged frcm -1.54 to +0.38

mm3 aluminium equivalent.

Introduction

Loss or regeneration of the tissues around the teeth, due to

periodontal disease, can be evaluated by clinical attachment level

measurements and by examination of bone changes on standardized x-ray

images. The clinical attachment level measurement by probing is a

rather inaccurate method and allows only the detection of considerable

changes. As a consequence much effort has been spent in the

development of radiographic techniques with a high lesion

detectability. In chapter 9 it has been clarified that the

quantitative digital subtraction technique, described in chapter 7 is

superior with respect to the in vitro lesion detectability of

periodontal bone changes when compared to assessments of lesions by

observers on photographic subtracted images or on conventional

radiographs. In addition to the attractive high lesion detectability,

quantitative digital subtraction solves the problem of the intra- and

interobserver variability.

The aim of the present investigation was to study whether changes in

the periodontal bone mineralization of patients can be registered over

a time period of 5 - 8 months using the quantitative digital

subtraction technique.
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Materials and methods.

In this study 9 adult patients with advanced periodontitis having a

mean age of 45 years were investigated twice with a maximum time

interval of 8 months between the examinations. Two months after

initial periodontal treatment, consisting of plaque and calculus

debridement, 2 consecutive radiographs (Kodak Ultraspeed size 2) were

taken of every patient of the same mandibular or maxillary molar area

using a General Electric 1000 Dental x-ray apparatus operating at 50

kVp, 15 mA and an exposure time of 1 sec (Chapter 8). 2 consecutive

radiographs were taken of the same area of each patient approximately

5-8 months later. The reason for selection of the mandibular or the

maxillary molar area was to record a maximum number of approximal

sites on the radiograph. For that reason and also for the reason that

missing contact points between teeth may account for possible

displacement of teeth, molar areas with missing teeth were excluded.

In order to standardize the x-ray images, each patient had its own

polymethylmethacrylate stents which were fitted into a paralleling

device with a bilateral fixation (Chapter 6). In this device an

aluminium reference wedge was incorporated to permit quantification of

bone changes into an aluminium equivalent volume.

The thinnest part of the wedge was 0.2 mm and the thickest part was

12.2 mm. The length of the wedge was 31.2 mm. The thinnest as well as

the thickest borders of the wedge were marked with a stainless steel

wire with a diameter of 0.1 mm for easier determination of these

borders on the radiograph. For this experiment the wedge was enveloped

in a polymethylmethacrylate bite block (Chapter 8). The empty space in

front of the wedge was closed by a polymethylmethacrylate sheet in

order to prevent collection of saliva in front of the wedge which

would have an effect on the image of this wedge.

Of each radiograph, the densities per picture element (pixel) were

digitized and corrected for inhomogeneities (Chapter 7). Densities of

the pixels were used to determine the aluminium equivalent thicknesses

(AET's) of the object at the site of each pixel. Differences between

the values for the two radiographs were computed by subtracting the

AET's. On each approximal site, regions of interest (ROI's) were

appointed for quantitative determination of bone changes within this
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region of interest. The integration of the AET's over the area of the

ROI results in aluminium equivalent volumes (AEV's). For details of

procedure see chapter 7.

Of each patient two pairs of radiographs were available resulting in 3

independent combinations of two images: each combination of one image

from the start and one from the end of the experimental period. For

each patient the AEV's of ROl's were used to determine the standard

deviation of the AEV measurements as well as the average bone

remineralization (+) or demineralization (-) in AEV's. Another study

(Chapter 7) has shown a linear relationship between the standard

deviation of AEV's with the ROI size. The regression line between the

measured standard deviations and the pertinent ROI sizes was therefore

used to determine more reliable values for the standard deviation per

site (ROI). Other ROl's in the bone not covering the crest of the

alveolar septum were not used, since it has been shown that these

areas show lower standard deviations which result in an

underestimation of the measurement error (Chapter 8). The calculations

were made per patient as the standardization of x-ray images varied

per patient due to small errors in the projection geometry and in the

fit of the individual stents on the teeth (Chapter 6). Subtracted

images of radiographs with visible errors in the reproducibility were

excluded from analysis to make sure that a test for significance with

respect to zero could be used (Chapter 8).

Results

Of the 9 patients three could not be analysed. In one patient the

molars were projected over the approximal bone, which resulted in

densities in the approximal bone areas outside the range of the

densities occurring on the reference wedge. In a second patient the

densities of the bone were outside the range of the densities

occurring on the reference wedge. Densities of the object outside the

density range of the reference wedge made translations in AET's

impossible. In a third patient images were not usable because of an

insufficient standardization of the x-ray images producing a high

inaccuracy of the digital subtraction technique. From the remaining 6

patients 2 mandibular and 4 maxillary areas were recorded on
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radiographs. On the subtracted images of these patients a maximum of 7

ROl's per patient could be selected to calculate the periodontal bone

changes which occurred over time. For the patients 1, 2, 4, 5, and 6

(Table 1) the ROl's covered half of the interdental bone septum

adjacent to each tooth. For patient 3 the complete interdental bone

septums between teeth were covered by single ROl's, because the narrow

approximal bone areas on these radiographs did not permit the use of

two separate ROl's. In a vertical direction these ROl's had a length

of approximately half of the root which made it unlikely that it did

not completely cover the area where a possible bone change may occur.

Relation between S.D. and

ROI surface

(SD)= 0.012(ROI)+0.033

(SD)= 0.052(ROI)-0.032

(SD)= 0.140(ROI)-0.015

(SD)= 0.053(ROI)+0.073

<SD)=-0.008(ROI)+0.288

(SD)=-0.081(RDI)+0.8

Table 1. Relation between the standard deviation of AEV measurements (SD)
and the ROI surface in mm3 (ROI). N i s the number of data points
used to determine the regression l ine. R i s the correlation
coefficient between the observed standard deviations and
the ROI surfaces.

Patient

number

1

2

3

4

5

6

Area

mandibular

mandibular

maxillary

maxillary

maxillary

maxillary

0.89

0.63

0.81

0.30

0.03

0.34

6

5

4

6

6

6

In Table 1 the linear regressions per patient according to the
equation (SD)=a(ROI) + b for the relation between the standard
deviation (SD) of AEV measurements and the ROI surface (ROI) are
given. The data, used to calculate the regression lines, were obtained
from the ROl's covering the marginal periodontal bone of each tooth,
which were also used to determine the bone changes. For patients 1 to
4 the regression lines run nearly through the origin as expected: two
lines intersect the SD-axis at positive values of 0.033 and 0.073
whereas another two lines intersect the SD-axis at negative values of
-0.032 and -0.015. For patients 5 and 6 the regression lines intersect
the SD-axis at higher values. Visual inspection of the subtracted
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image on the monitor screen showed that these unexpected relations are

caused by differences between the subtracted images in the areas with

an "overflow". These areas of "overflow" with maximum pixel values are

caused by object areas with density values outside the density range

of the wedge. Areas with "overflow" are situated on each subtracted

image in a slightly different way. When these variable areas are

projected over the borderline of a ROI, which is used to correct non

systematic inhomogeneities (Chapter 7), unexpected large differences

between AEV's of the same ROI will occur. Omitting the results of

ROl's with borders projected over an area with overflow, results in a

regression line which deviates less from the origin e.g.for patient 5:

(SD)=0.057(ROI) + 0.087. However, the observed data and the

calculated regression line showed a poor fit (R=0.17), partly because

of the lower number of data points. Therefore patient 5 and 6 were

further excluded from the analysis.

Only the data of patients 1 to 4 from Table 1 were used for analysis.

For each ROI size the standard deviation of a single measurement was

calculated with the regression coefficients from Table 1. To prevent

underestimation of the standard deviation the upper 95% confidence

limits of these regression lines were used instead of the best

estimates. For each approximal periodontal site, the difference

between radiographs was expressed in an AEV value, which is the mean

of 3 measurements. Since the mean of 3 measurements had to be tested

and a two sided false positive decision level of 5% was accepted, the

critical value is 1.13 (t(0.475)//3) times the standard deviation

(upper confidence limit) of a single measurement (see Table 2).

Changes in AEV values were determined from 0 mm3 AEV.

In Table 2 the ROl's with their AEV's are presented for each patient

in the order as they were observed from the left to the right side of

the subtracted image. ROl's were presented in this way to study the

dependency of observed AEV's on their location on the subtracted

image. Nd trends in the data were found. A total of 22 areas were

investigated in 4 patients, of which 5 areas showed statistically

significant bone changes over a period of approximately 5-8 months.

Three sites showed bone remineralization in the range of 0.11 to 0.38

mm3 Al. and 2 sites showed bone loss in the range of -0.84 to -1.54

mm3 Al. A notable finding is the conformity of significant positive
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Patient ROI surface
number in mii3

1 interval=6
1.3
4.6
3.2
2.2
1.7
6.4

2 interval=8
4.4
2.2
3.8
1.7
3.4

3 interval=5
5.7

1.9

4.1

5.8

4 interval=8
7.2
3.3
4
4.6
1.8
5.7
2.8

Upper 95%
confidence
limit of
SD

months
0.07
0.11
0.09
0.08
0.08
0.14

months
0.39
0.24
0.31
0.26
0.27

months
1.42

1.15

1.05

1.45

months
1.28
0.56
0.59
0.68
0.7
0.93
0.59

Significant
mean bone
changes
in AEV's

+0.11
+0.16

+0.38

-1.54
-0.84

Not significant
mean bone
changes in
AEV's.

+0.05
-0.06
+0.02

-0.16
+0.18
+0.15
+0.21
+0.04

-1.35

-0.09

-0.47

+0.18

+0.45
+0.26
-0.04
-0.93
+0.15

Location of
bone change

mesial P2
distal P2
mesial M1
distal M1
mesial M2
distal M2

mesial P2
distal P2
mesial M1
distal Ml
mesial M2

distal P1
mesial P2
distal P2
mesial M1
distal M1
mesial M2
distal M2

distal M2
mesial M2
distal M1
mesial M1
distal P2
mesial P2
distal PI

and

and

and

Table 2. Number of periodontal sites which showed significant
and not significant bone changes in AEV's over a period of
6-8 months classified per patient. False positive level is
5%. Critical value = 1.13 * upper confidence limit value.

or negative results within each patient. The location of each s i te ,
undergoing significant bone changes, is also shown in Table 2. For the
patients 1 and 4 two changed sites were located at the mesial and the
distal side of the same tooth.
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Discussion

A large number of radiographs had to be excluded from the analysis in

the present study. Radiographs of 4 subjects could not be analysed

because the AET's of the alveolar bone and soft tissue in the maxilla

were outside the range of the reference wedge. It is therefore better

to use wedges which have more extensive dimensions in a direction

perpendicular to the film. This extension of available AET's of the

wedge also enables the determination of differences between images in

areas where teeth are projected over the approximal bone. In another

subject the reproducibility of radiographs was poor due to

inaccurately fitting stents. This is a major cause of errors in the

reproducibility of serial radiographs (Chapter 6).

Computer algorithms have been developed for angiography which are able

to correct for this kind of errors on the condition that a part of

both images is similar (Venot et al. 1984). Application of these

algorithms may enable the analysis of poorly standardized radiographs

for digital subtraction radiography.

It has been observed that the saliva level on the oral cavity floor

introduces variations in the density particularly in the apical area

of mandibular images. To reduce this variability, a saliva ejector has

to be incorporated in the aligning device. For the same reason the

position of cheek and lip between the focus and the film has to be

standardized. On radiographs made of the maxilla, the border of the

lip and/or the plica nasolabialis had often been projected over the

wedge, causing a step in the density curve of this wedge. Fortunately,

this projection had been located in the low density part of the wedge

and therefore its effect could be neglected. The easiest method to

improve the standardization of the position of the soft tissues of

cheek and lip is to correct wrong positions with the help of the

patient before the exposure is made.

It had been expected that in vivo difficulties with accurate

positioning of the film and of the soft tissues of cheek and lip would

result in much higher standard deviations of AEV's than previously

reported in in vitro studies (Chapter 7, Chapter 9). However, the mean

coefficient of the linear regressions between the ROI size and the

standard deviation of AEV's (Table 1) for the 4 analysed patients
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appeared to be 0.064 as compared to 0.054 in a previous in vitro study

in which radiographs were made under similar conditions (Chapter 7).

In contrast to the results of those studies, the calculated

correlation coefficients of the data in this study (Table 1) were

low. For patient 1 only, the correlation coefficient of the data

points with the regression line was significant (p<0.01). Therefore

the upper 95% confidence limit instead of the regression line was used

in this study as a criterion for determination of statistically

significant differences.

The good fit of the data (high correlation coefficient) for patient 1

together with the low regression coefficient explains the high lesion

detectability of the digital subtraction technique in this patient.

Verification of the "truth" of the bone loss and gain, found in this

study, is difficult because the majority of the significant results

obtained with the digital subtraction technique can not be controlled

by human observation. However, the "truth" of the found differences

between radiographs can be verified in several ways:

-The topography of the detected bone changes could be visualized with

the use of a paper pixel print-out of AEV's for each ROI. These paper

prints revealed that the significant changes were caused by

differences in bone content mainly localized in the lamina dura and

these differences were always covered completely by the ROl's. Ttie

visualized location of the bone changes is in agreement with the

commonly observed pericdontal bone loss and does not represent a

systemic or general pattern of bone changes.

-The only statistically significant bone loss which was detectable by

visual interpretation, showed the largest AEV value of -1.54 mm3Al

(patient 4).

-The last and certainly noteworthy point which may support the "truth"

of the results is the relation between the found data and the

periodontal condition of the patients. Patient 1 was the only one with

a well controlled chronic pericdontitis which may explain the

detection of 3 out of 6 areas with remineralization of approximal

periodontal bone. Patient 4 was the only one who experienced extremely

rapid and extensive bone loss in the near past and had been diagnosed

as rapidly progressive periodontitis. It was the only patient where

bone loss was registered in 2 out of 7 approximal areas.
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In this study all calculations of differences were made from 0 mm3

AEV. It seems desirable to investigate whether the technique can be

further improved by measuring the bone changes in areas, which are not

affected by periodontally and periapically located diseases on the

subtracted image as a reference. The thus obtained AEV values of

generally occurring bone changes could then be subtracted from the

localized periodontal bone changes.

It can be concluded that this quantitative digital subtraction

technique may become very promising in detecting extremely small

periodontal bone changes in vivo. Improvements as suggested may

increase the number of radiographs suitable for digital subtraction

radiography.
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Abstract

In this study hydroxyproline was determined in gingival exudate from

single pockets. The average amount of gingival exudate collected on 3

- 4 paper strips per pocket was approximately 0.5 ul. Hydroxyproline

was determined colorimetrically after elution from the strips. The

detection threshold of hydroxyproline was determined at 0.12 ug.

9 Out of 15 subjects with advanced adult periodontitis had one or more

hydroxyproline positive pockets. In total 12% of 122 pockets shewed

detectable amounts of hydroxyproline in the range of 0.16 - 2.07 pg.

Introduction.

Detection of chemical substances in gingival exudate may give insight

in the metabolic activity of the pericdontal tissues. The presence of

free hydroxyproline in the tissues is a good indicator for collagen

breakdown. If so, its concentration in gingival exudate may reflect

the condition of the periodontal tissues and thus may possible serve

as diagnostic tool. As the condition of the tissues as well as changes

in the disease status seems to be site related within the patient,

determination of hydroxyproline concentrations should be performed at

the site as well as per patient.

Paunio (1971) found hydroxyproline concentrations of 0.72 - 2.04 pg

per filter paperstrip. Miller et al.(1982) reported hydroxyproline

concentrations in the same range, although it is not clear if these

concentrations represent samples from pooled pockets or single

pockets. In contrast, Hara and Takahashi (1975) found 100 times lower

concentrations of hydroxyproline in gingival exudate of pooled sites.

With reference to the conflicting data, the present study was

conducted to determine the presence and the amount of hydroxyproline

in gingival exudate obtained from individual sites.

Materials and methods

All subjects in this study, 9 males and 6 females suffered from

advanced adult periodontitis. The subject ages ranged from 30 to 68

years. They had received initial treatment, consisting of plaque and
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calculus debridement, two to three months before sampling started.

Criteria for the selection of sampling sites were the deepest probing

pocket depths, recorded in a previous session, and the degree of

inflammation. The latter on the basis of purulent exudate and bleeding

on probing with a constant force probe. In total 122 sites were

sampled from these subjects. In this study these sites were not evenly

distributed over the 15 patients. Prior to sampling, supragingival

plaque was removed meticulously. Subsequently the sites and

surrounding tissues were dried by a gentle stream of air and kept dry

with cotton rolls. 3-4 Paperstrips (Munktell nr. 3 - Sweden), with

dimensions of 1.3 * 22 mm, were carefully placed at the orifice of

the crevice in order to prevent trauma to the tissues (Loe and Holm-

Pedersen 1965). Per approximal site, the vestibular as well as lingual

gingival crevice were sampled. The strips were left in situ for 6

minutes to collect sufficient amount of fluid. The amount of gingival

exudate on a strip was determined semiguantitatively by measuring the

moist part of the strip in half mm; 1 ul fluid moistened 6mm of the

strip. The volume determination was assumed to be linearly related to

the mm moistened strip.

After sampling, the strips were stored immediately at -20°C until

analysis was performed. Strips per site were pooled and eluted in

0.5 ml deionised water. After vortexing, the strips were kept at 4°C

for one hour. Afterwards, the strips and the deionised water

were centrifugated 3 minutes in an Eppendorf centrifuge at maximum g.

The supernatant was stored and the whole procedure was repeated. Both

supernatants were mixed and the hydroxyproline content was analysed

colorimetrically according to the modified method (Guis et al. 1973)

of Stegemann & Stalder (1967). In addition, hydroxyproline

concentrations were determined in blood to assess its disturbing

effect on the detection method used. Hydroxyproline in blood was

determined on paperstrips containing ±1 ul peripheral blood from a

vein of the fingertip of seven occasionally available healthy

individuals. Saliva samples were also collected from 7 out of the 15

selected subjects, to determine the presence and the amount of

hydroxyproline.
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Results

The quality of the elution procedure was tested by using a standard

solution with 1 pg/pl hydroxyproline on a paperstrip. The recovery

from the paperstrip appeared to be 100% + 8%.

The threshold value for detection of hydroxyproline was 0.12 ug. This

value was computed by the mean of blank controls plus two times the

standard deviation. The amount of gingival exudate sampled varied

between 0 - 3.2 pi with a mean of 0.5 pi per sampling site.

The amount of hydroxyproline detected in the crevicular fluid of

individual sites varied between 0.17-2.07 ug (Table 1). In total 12%

of all sampled sites showed detectable amounts of hydroxyproline.

In Table 1, no correlations were found between the detected amounts of

hydroxyproline and the probing pocket depths respectively amounts of

sampled gingival exudate (R=0.02 respectively R=0.35; n=15).

subject number of sites number of hydroxyproline probing depth gingival
sampled positive in ug. of positive exudate

sites sites of positive
sites in pi.

1
2
3

4

5

e
7
8
9

10
11

12

13
14
15

2
6
5

5

2
5
4
4
13

15
13

13

11
10
14

1
1
2

3

_

2

1
2

2

_

1

0.19
2.07
0.26
1.26
1.35
1.77
0.73
_

_
1.58
1.67
0.17
1.12
0.58
0.16
0.96
_

0.88

8
6
7
7
4
6
4
_
_
_
_
10
9
6
10
8
8
6
_
_
9

0.9
0.4
0.1
0.4
0.3
0.5
0.4
_
_
_

1.5
1.3
0.3
0.3
0.3
0.3
0.4

_
1

Table 1. Positive sites for detected hydroxyproline with amount
hydroxyproline, probing pocket depth and amount of gingival exudate.

of
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The mean hydroxyproline concentration in peripheral blood of 7 healthy

subjects was 0.25 ug/ul with a standard deviation of 0.07 pg/pl.

No hydroxyproline could be detected in the saliva samples.

Discussion

The hydroxyproline concentration in serum is in the range of 0.0007 to

0.018 pg/ul (0ye 1962, Kibrick et al. 1973 and Hara and Takahashi

1975). The maximum amount of gingival exudate per site in this study

was 3.2 pi which implies at the utmost an amount of 0.06 pg

hydroxyproline in the gingival exudate per site that may originate

from serum. This amount is much lower than the threshold value for

detection which appeared to be 0.12 pg. The contributable influence of

serum on detectable amounts of hydroxyproline in gingival exudate is

thus negligable.

However, determination of hydroxyproline in blood resulted in high

estimations of 0.25 + 0.07 pg/ul, because the blood colour which did

not disappear completely after ethanol precipitation, interfered with

the colorimetric recording. Therefore, paperstrips contaminated with

visible traces of blood were discarded in this study.

The concentrations of hydroxyproline detectable in gingival exudate

per site, was in the range of the concentrations reported in

previous studies (Paunio 1971, Miller et al.1982). The much lower

concentrations of hydroxyproline in pooled samples found by Hara and

Takahashi (1975) are probably attributable to collection of exudate

from many hydroxyproline negative sites. The average concentration of

hydroxyproline from the 122 sites in the present study was 0.15 pg/ul,

which is indeed more in the range of the mean concentration of ±0.029

ug/ul reported by Hara and Takahashi (1975).

Considering the uneven distribution of the number of sampled sites

over the patients (Table 1) and the large differences between the

number of hydroxyproline positive and negative sites per patient, it

is not justified to test whether hydroxyproline positive and negative

sites are different in probing pocket depth respectively amount of

sampled gingival exudate.

The selection criterion for sampling sites described in the section

"Materials and Methods" is not relevant as no correlation is found

between the amount of detected hydroxyproline and the probing pocket

depth.
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Periodontal disease seems to progress episodic rather than continuous.

The pattern of tissue destruction appears to result from repeated

episodes of active disease separated by intervals of disease remission

and eventually repair. The period of active disease, when tissue

destruction is taking place, may be relatively brief and may have

preference for certain subjects. This means that when the examination

is cross-sectional, a relatively small number of sites will be found

to be active (Socransky et al. 1984). To have a high chance that sites

undergoing changes in periodontitis activity were included in this

study, more subjects with clinical loss of attachment were selected.

There is momentarily no test available which can identify the small

proportion of pockets with active disease at the time of examination.

A hydroxyproline assay may be such a test. A longitudinal clinical

trial is now in progress to test the predictive ability of

hydroxyproline concentrations in gingival exudate for changes in

attachment level or for changes in the mineralisation of the

periodontal bone.
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Chapter 12.

General conclusions.

A survey of the conclusions from the different chapters will be given.

In chapter 2 repeated bleeding tendency measurements were made in

order to study the reproducibility of these measurements per site. The

bleeding tendency was recorded as bleeding or not bleeding after

probing of the pocket with a constant force. A relation was found

between the reproducibility of bleeding tendency measurements and the

probing depth. The agreement on lack of bleeding was relatively high

(86%) in shallow pockets (S4 mm) and decreased significantly (to 58%)

in deep pockets (>4 nm). The agreement on bleeding was relatively low

(36%) in shallow pockets and increased significantly in deep pockets

(to 74%). The agreement for bleeding and not bleeding at individual

sites was in this study 64% respectively 78%. This is just above the

50% i.e. the chance on similar results between repeated measurements.

These values illustrate the low reproducibility of bleeding tendency

measurements at the individual site. For this reason, the attention of

this study has further been focussed on the mouth bleeding score, for

which within every patient a fixed number of sites was selected.

Analysis showed that only large differences in number of bleeding

sites between successive mouth bleeding scores may indicate

biological changes in the periodontal condition of the individual

patient.

In chapter 3 the distribution of the measurement error of probing

depth measurements was studied. It appeared that the observed type I-

error of differences of 3 urn or more between repeated single

measurements was a factor 100 larger than the error which is based on

a normal distribution of the measurement error. Deviations from

normality were found for differences of 2 mm or more between repeated

single probings. The observed type I-error appeared to be in the range

of the published percentage of sites showing significant attachment

gain or loss over a period of one year. It can therefore be concluded

that the studies which support the hypothesis of an intermittent

character of periodontal disease have a weak basis.

In chapter 4 the influence of two factors: probing depth and bleeding

tendency* on the reproducibility of probing depth measurements v/as
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studied. The factor probing depth showed the largest effect on the

reproducibility whereas the factor bleeding tendency demonstrated to

be of minor influence. Small probing depth as well as deep probing

depths were measured more accurately than intermediate probing depths.

The limits of probing depth values from 0 to 10 mm explain this

phenomenon. This finding indicates that different probing depths

require different tests to determine significant changes in depth or

in attachment level over time.

In chapter 5 was investigated to which extent averages of repeated

duplicates of measurements may increase the accuracy as compared to

repeated single measurements and whether the measurement error shows a

normal distribution. In this study the probing depths of 1247 sites of

several patients were recorded four times successively. It appeared

that multiple probings performed on one day were not independent. This

means that if four successive measurements were performed on one day,

a linear trend was seen to deeper recordings at successive

measurements, with an average increase of 0.1 mm per recording. In

this study, only the measurement error of averages of repeated

duplicates of measurements and not of averages of repeated multiple

measurements was studied. The measurement error of differences between

these averages was not normally distributed, so the type I-error has

to be calculated on the basis of the observed data. The type I-error

for differences of 3 mm or more between two repeated single

measurements decreased from 1.5% to 0.2% for averages of repeated

duplicates of measurements. Averages of repeated duplicates of probing

depth measurements appeared to be more accurate than the deepest

recordings of repeated duplicates of measurements. In this chapter the

differences between measurements for various type I-errors are given

per probing depth class.

In chapter 6 the application in vivo of a new developed paralleling

device to produce standardized radiographs was discussed. The

influence of the time interval between radiographs and the design of

the device on the in vivo occurred errors in the standardization of

radiographs was determined. In this study, the device equipped with

bilateral bite blocks produced the most reproducible images compared

to the device equipped with a one-sided bite block. An increase of the

time interval between radiographs led to a decrease in the
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standardization of radiographs with the loss of fit of the bite blocks

on the teeth as the most important cause for these errors. Therefore,

the device developed in this study was always fixed to a very limited

number of teeth (4-5). Errors in the standardization of in vivo taken

radiographs were evaluated by the photographic subtraction technique

making use of observers. On the photographic subtracted images small

occurring errors in the standardization were detected as artefacts

observed in regions of the radiograph with high contrasts. These

artefacts were observed mainly at the marginal crest of the appoximal

periodontal bone, which is our region of interest. From this study it

appeared that only small deviations in angulation of the beam could be

accepted ( S 0°.7). If this requirement was not met, the number of

false positive as well as of false negative decisions made by

observers raised dramatically. The exclusion of radiographs with

errors in the standardization, corresponding to errors in the

projection geometry larger than 0°.7, resulted in 55% acceptable

radiographs which could be used for the photographic subtraction

technique making use of observers, which is a relatively low

percentage.

In chapter 7 a method for quantitative digital subtraction of

periodontal bone changes was described in an in vitro experiment. The

method was tested on a series of radiographs of dry mandibles with

inserted aluminium cylinders. The determined volumes of these test

objects with the digital subtraction technique, corresponded well with

the actual volumes. The measurement error was found to be proportional

to the surface of the inspected area (0.054 mm3/mm2). Thus in

principle, bone differences thicker than 0.1 mm aluminium equivalent

thickness of bone can be determined as statistically significant (p<

0.025).

In chapter 8 the following factors, influencing the validity of the

quantification of bone differences with this digital subtraction

technique, were investigated: -the material enveloping the aluminium

reference wedge and the radiation quality, -the effect of projection

errors of the radiographs. The test objects in this study consisted of

a dry mandible in which small aluminium cylinders with well-known

volumes were introduced. By means of the digital subtraction

technique, their aluminium equivalent volumes were determined. The
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best agreement between the actual and the determined volumes was found

when the aluminium reference wedge was embedded in

polymethylmethacrylate and a radiation quality of 50 kVp was used. An

increase in the projection error of the radiographs led to an increase

in the inaccuracy of the measurements. For in vivo use, the

inaccuracy may be decreased by taking at least two separate

radiographs per visit of the patient so that more combinations between

pairs of radiographs taken with a certain time interval can be used.

In chapter 9 pericdontal bone lesions were simulated by holes drilled

in the periodontal bone of a dry mandible with diameters of 0.3 mm

increasing to 1.4 mm in steps of 0.1 mm. linages of these steps were

obtained by making exposures using three different x-ray tube

potentials and three different mean densities which resulted in nine

different images of each lesion size. Observers were asked to

determine the presence or absence of periodontal bone lesions on

conventional radiographs and on photographic subtracted images made

under the nine exposure conditions. Images were presented in pairs.

The images were also evaluated by quantitative digital subtraction

radiography. This study showed that the sensitivity and specificity of

the three techniques was reduced in the following order: quantitative

digital subtraction radiography using an image analysis computer, the

evaluation of photographic subtracted images and the comparison of

conventional radiographs by observers. Only the lesion detectability

of digital subtraction radiography was influenced by the nine

different exposure conditions.

In chapter 10 the digital subtraction technique was applied on

radiographs of 9 patients which were followed longitudinally over a

time interval of 5-8 months for quantification of bone differences

between radiographs. Radiographs of 5 patients could not be analysed

because of avoidable technical problems. Radiographs of the remaining

4 patients, which did not show differences in the image geometry, were

analysed and showed that in 23% of the measured sites changes in the

mineral content of the bone could be detected. The changed sites were

found in only two patients. One patient showed three sites with

remineralization, whereas the other patient showed two sites with

demineralization. The differences detected ranged from -1.54 mm3 to

+0.38 mm3 aluminium equivalent volume. It can be concluded that also
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in vivo this digital subtraction technique may become very promising

in detecting and in quantifying small bone changes. Technical

improvements as suggested in this chapter have to be made to increase

the number of radiographs which can be used for digital subtraction

radiography.

In chapter 11 the amount of free hydroxyproline, a specific metabolic

product of collagen, in gingival exudate of individual sites was

determined. The average amount of gingival exudate collected on 3-4

paperstrips per pocket was approximately 0.5 pi. Hydroxyproline was

determined colorimetrically after elution from the strips. The

threshold for detection of hydroxyproline appeared to be 0.12 ug.

Serum levels of hydroxyproline are far below this threshold.

Detectable amounts of hydroxyproline were found at 12 % of 122 sites

in the range of 0.16 -2.07 pg. The hydroxyproline assay may be an

attractive diagnostic tool for the determination of periodontal

disease activity. A longitudinal clinical trial is needed to test the

feasibility of hydroxyproline concentrations as indicator of

periodontal disease activity and as predictor for future periodontal

tissue breakdown.

Considerations for future longitudinal studies on periodontal disease

progression or remission.

1. Momentarily the attachment level measurements are considered as the

standard for detection of changes in clinical attachment over a period

of time. The measurement error of this method was not normally

distributed and the type I-errors appeared to be high for intermediate

probing depth classes and much lower for small and large probing

depths. However, these results were obtained from a study with a

rather small number of large probing depths. For better generalization

of the found data towards a population of patients under

investigation, a higher number of large probing depths included in a

study will be needed for a better estimation of the error at these

probing depth values.

2. Quantitative digital subtraction radiography demonstrated a higher

sensitivity and specificity for detection of pericdontal bone

differences between radiographs than the evaluation of
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photographically subtracted images and the comparison of conventional

radiographs making use of observers. In vivo this digital subtraction

technique can be used succesfully. However, radiographs of more than

50% of the patients could not be used because of technical

difficulties. These can be eliminated however by the use of another

reference wedge which prevents the occurrence of regions with

"overflow" on the radiographs. In these areas quantifications can not

be made. Projection errors of radiographs caused a large inaccuracy of

the measurements resulting in an increase of the detection 'threshold •

Corrections of these errors have to be made by automatic pixel shifts

in areas with these errors. To this purpose, specific soft ware has to

be developed.

3. If these problems are surmounted, a longitudinal clinical study on

changes in attachment level and in bone mineralization has to be

started with the following aims:

-is a change in clinical attachment level at a site correlated with a

change in periodontal bone mineralization detected with the digital

subtraction technique?

-is the presence or amount of hydroxyproline in gingival exudate at a

site correlated with a change in attachment level or with a change in

bone mineralization?

-is the composition of the subgingival bacterial flora of the site,

studied with dark field microscopy, correlated with a change in

attachment level or with a change in bone mineralization?

If correlations are found the probability rises that more sensitive

methods may be developed for the determination of changes and

differences in pericdontitis activity.
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Summary

This study concerns the supposed irreversible inflammation of the

supporting tissues of teeth and molars, called periodontitis.

Regardless of its classification the disease is characterized by a

destruction of the periodontium, resulting in loss of periodontal

ligament fibers and alveolar bone in which the teeth are fixed.

Periodontitis begins as a reversible inflammation of the gingiva,

called gingivitis; but not all cases of gingivitis progress to

periodontitis. However, the inflammation of the gingiva (gingivitis)

may spread to the underlying tissues and the concomitant destruction

(periodontitis) of the supporting tissues will ultimately result in

loss of the teeth. Uptill some years ago periodontitis was regarded as

a slow continuous process. A mean annual loss of supporting tissues of

the tooth of 0.1 mm is a fairly consistent finding in untreated human

populations. It was recognized that some subjects, some teeth and some

surfaces were more severely affected than other. Recent studies in

which sequential probing attachment level measurements were done with

short time intervals of 1 -6 months have shown a small proportion of

existing pathologic pockets within a relative small number of patients

with further loss during the examination period, whereas the majority

of pockets appeared to stay in a phase of remission. Besides, the

concept of an episodic rather than a continuous process of periodontal

tissue breakdown was introduced. The sensitivity of the used methods

for determination of changes in the periodontitis activity were low.

The validity and accuracy of the used criteria to recognize a

biological change in clinical attachment are questionable.

Measurements of bleeding tendency, clinical attachment level and

periodontal bone loss on radiographs are since long considered the

primary methods for determination of periodontal disease and were

therefore investigated in this study for their accuracy and validity.

The experimental and computational unit for analysis was the site and

not the patient.

The reproducibility of bleeding tendency measurements at the site was

very low (chapter 2), so this method could not be used for

determination of site related factors such as the degree of

inflammation or oral hygiene behaviour of the patient. For the study
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of patient related factors a mouth bleeding score was developed.

Statistical analysis showed that only large differences between

successive recordings may indicate biological changes in the

periodontal condition of the patient.

The accuracy of attachment level measurements appeared to be lower

than expected until now (chapter 3). The frequency of differences

between measurements, due to the measurement error, of e.g. 3 mm were

observed a factor 100 higher than was expected on the basis of a

normal distribution. This means that for determination of the type I-

error of fixed differences the observed data have to be used and not

the expected normal distribution of the measurement error. Thus

conclusions drawn from studies which may be interpreted to support the

hypothesis of an intermittent character of pericdontal disease have a

weak basis.

Intermediate probing depths were measured less accurate compared to

small and large probing depths (chapter 4). This finding indicates

that different probing depths require different tests to determine

significant changes in depth or in attachment level over time.

In chapter 5 the accuracy between averages of repeated duplicates of

measurements was studied. Also for these averages the measurement

error was not normally distributed. The type I-error for differences

between repeated single measurements of 3 mm or more decreased fran

1.5% to 0.2% for averages of repeated duplicates of measurements. So

the averages of repeated duplicates of measurements appeared to be

more accurate than repeated single measurements. In this study the

differences with various type I-errors between averages of repeated

duplicates of measurements were given per probing depth class.

In chapter 6 the application in vivo of a new paralleling device to

produce standardized radiographs was discussed. This standardization

was influenced by the design of the device and the time interval

between the radiographs. Errors in the projection of in vivo taken

radiographs were evaluated by a photographic subtraction technique

using observers. Large errors in the projection could not be accepted

because of a raise in the number of false positive as well as false

negative assessments. The exclusion of radiographs with large errors

in the projection, corresponding to errors in the projection geometry

larger than 0°.7, resulted in a rather disappointing 55% of the
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radiographs which could be accepted using observers. For the reason of

the large intra- and inter observer variability, the attention was

focussed on automatic evaluation of periodontal bone changes on

radiographs.

In chapter 7 a new method for quantification of differences in the

periodontal bone between serial radiographs was described. With this

technique in vitro produced bone lesions thicker than 0.1 mm aluminium

equivalent thickness of bone could be determined as statistically

significant (p<0.025).

In chapter 8 some factors which influenced the validity of this

quantification, were studied. Radiographs exposed to 50 kVp with the

reference wedge enveloped in polymethylmethacrylate showed a high

validity of the quantification of differences by the digital

subtraction technique. Under these conditions, in vivo made

radiographs were analysed (see chapter 10). The validity of the

quantitative digital subtraction technique was high when radiographs

were compared without differences in the image gecmetry. The accuracy

decreased with increasing projection error.

In chapter 9 three techniques were compared concerning their

sensitivity as well as their specificity for determination of

periodontal bone changes: the comparison of conventional radiographs

and the evaluation of photographic subtracted images making use of

observers and the quantitative digital subtraction technique using an

image analysis computer. This study showed that the sensitivity and

the specificity of the three techniques was reduced in the following

order: quantitative digital subtraction radiography, the evaluation of

photographic subtracted images and the comparison of conventional

radiographs by observers. The method with the highest lesion

detectability and specificity is quantitative digital subtraction

radiography. This technique was used on radiographs of a clinical

longitudinal study on periodontal bone loss in humans over a time

period of approximately 5-8 months (chapter 10). Images of 5 subjects

could not be used because of technical difficulties. In following

investigations these difficulties can be avoided. Radiographs of the

remaining 4 patients were analysed and showed that in 23 % of the

measured sites changes in the mineral content could be detected. The

changed sites were found in only two patients. One patient showed
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three sites with remineralization whereas the other patient showed two

sites with demineralization. The differences detected ranged from -

1.54 to 0.38 mm3 aluminium equivalent volume of bone. This technique

appeared to be very accurate not only in in vitro but also in in vivo

studies.

In chapter 11 hydroxyproline, a specific metabolic product of collagen

which is a major constituent of the periodontal tissues, was

determined in gingival exudate obtained from the site. The average

amount of gingival exudate collected on 3-4 paperstrips per pocket was

approximately 0.5 pi. In total 12% of 122 sampled pockets showed

detectable amounts of hydroxyproline in the range of 0.16-2.07 ug.

In a future longitudirtal clinical study on periodontal tissue loss a

comparison of the following methods is suggested: - averages of

repeated duplicates of attachment level measurements using splints as

fixed reference points, - periodontal bone loss quantified by digital

subtraction analysis and - the presence or the amount of

hydroxyproline in gingival exudate. This comparison has to be made to

determine which of the methods will be correlated with or may have

predictive ability for changes in attachment level. With the ultimate

goal to find more sensitive methods for determination of changes and

differences in periodontitis activity.
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Samenvatting

Deze studie betreft de als irreversibel beschouwde afbraak van de

steunweefsels rondom tanden en kiezen, genoemd parodontitis. Ongeacht

de gebruikte classificatie wordt deze ziekte gekenmerkt door een

destructie van het parcdontium resulterend in verlies aan parcr'-ontaal

ligament en alveolair bot waarin de elementen zijn gefixeerd.

Parodontitis begint als een reversibele ontsteking van het tandvlees,

gingivitis genoemd; echter niet alle gevallen van gingivitis gaan over

in parodontitis. Is dit wel het geval dan breidt de ontsteking van het

tandvlees zich uit naar de onderliggende weefsels en de daarbij

optredende afbraak {parodontitis) van steunweefsels zal uiteindelijk

het verlies van tanden en kiezen tot gevolg hebben. Enkele jaren

geleden werd parodontitis beschouwd als een ziekte gekenmerkt door een

continu langzaam verloop. In personen die voor deze ziekte niet

behandeld werden, was een gemiddeld jaarlijks verlies van steunweefsel

per element van 0.1 mm een tamelijk regelmatig terugkerend gegeven in

de literatuur. Werden nu de gegevens niet gemiddeld over alle

onderzochte patiënten en plaatsen in de mond dan bleek dat een aantal

van deze patiënten en van deze plaatsen een relatief snelle voortgang

van de destructie te zien gaven. Uit recente studies, waarin metingen

met een relatief klein tijdsinterval werden uitgevoerd, bleek dat er

een klein aantal (±5%) van alle onderzochte plaatsen weefselverlies

vertoonde over een periode van een jaar, terwijl de meerderheid van

alle plaatsen geen verandering vertoonde. Bovendien werd in deze

studies het idee geïntroduceerd van een periodieke voortgang van deze

ziekte. Enkele van deze conclusies kunnen in twijfel getrokken worden

vanwege de onvoldoende gegevens over de validiteit en nauwkeurigheid

van gebruikte onderzoekmethoden.

Bloedingsmetingen, klinische aanhechtingsmetingen en bepalingen van de

hoeveelheid bot op de röntgenfoto worden reeds lange tijd beschouwd

als de betrouwbaarste methoden om veranderingen van het parodontium

vast te stellen en longitudinaal te volgen. In deze studie werden deze

methoden onderzocht op nauwkeurigheid en validiteit met als

experimenteel terrein: een plaats binnen de mond in plaats van de

patiënt.

De nauwkeurigheid van bloedingsmetingen (hoofdstuk 2) in deze studie

bleek zo laag te zijn dat deze methode onbruikbaar was voor de
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bepaling van plaatsgebonden faktoren zoals bijv. de mate van

ontsteking of van de mate van reiniging. Voor analyses van patiënt

gebonden faktoren is de bloedingsmeting nog bruikbaar, imners dan

worden metingen over meer dan een plaats geanalyseerd. Voor de

mondbloedingsscore werden in deze studie 12 plaatsen geselecteerd. Een

statistisch model om met behulp van de mondbloedingsscore biologische

veranderingen in patiënt gebonden faktoren te kunnen constateren

wordt besproken.

De nauwkeurigheid van klinische aanhechtingsmetingen en

pocketdieptemetingen (hoofdstuk 3) bleek in deze studie veel lager dan

algemeen aangenomen werd. De meetfout bleek niet normaal verdeeld te

zijn en dit werd door bewerking van resultaten van andere auteurs

eveneens bevestigd. Verschillen tussen metingen van 3 mm of meer

worden in het algemeen als een statistisch werkelijke verandering

gezien, echter deze verschillen komen een factor 100 keer meer voor

dan verwacht op basis van een normale verdeling van de meetfout. Het

vervelende verschijnsel doet zich dus nu voor dat de in deze studie

gevonden type I-fout voor verschillen van 3 mm in de buurt komt van

het gepubliceerde percentage veranderde plaatsen. Conclusies uit deze

studies krijgen hierdoor duidelijk minder betrouwbaarheid. In nieuwe

studies zal daarom met deze grotere onnauwkeurigheid rekening gehouden

moeten worden en niet meer met de veronderstelde kleinere fout.

In hoofdstuk 4 werd de invloed van de pocketdiepte en van de

bloedingsneiging na sonderen op de nauwkeurigheid van

aanhechtingsmetingen en pocketdieptemetingen bepaald. De mate van

bloeding bleek van weinig invloed terwijl de diepte een grote invloed

vertoonde. Pocketdieptes met diepten van 4-7 mm bleken de grootste

onnauwkeurigheid te bezitten vergeleken met de kleine en grote

dieptes. Dit gegeven betekent dat verschillende criteria gebruikt

moeten worden bij het vaststellen van biologische veranderingen in

aanhechtingsniveau en in diepte voor relatief kleine en grote dieptes.

In hoofdstuk 5 werd de nauwkeurigheid van gemiddelden van dubbele

metingen vergeleken met de nauwkeurigheid van enkele metingen.

Vervolgens werd de verdeling van de meetfout van deze gemiddelden

bestudeerd. Deze meetfout bleek niet normaal verdeeld. De

nauwkeurigheid voor gemiddelden van dubbele metingen nam aanzienlijk

toe vergeleken met die van enkele metingen. De nauwkeurigheid van
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gemiddelden van meer dan twee metingen, uitgevoerd op een dag, zal

verder toenemen waarbij rekening gehouden dient te worden met de

onderlinge beïnvloeding die optreedt. In deze studie werd alleen de

nauwkeurigheid van gemiddelden van paren van metingen bestudeerd.

Tenslotte werden in deze studie per pocketdiepte de 95%, de 99% en de

99,9% betrouwbaarheids intervallen gegeven van verschillen tussen

gemiddelden van dubbele metingen.

In hoofdstuk 6 werd de invloed van een nieuw ontwikkeld instelapparaat

voor röntgenopnamen op de vergelijkbaarheid van beelden bestudeerd.

Verschillen tussen de beelden bleken te worden beïnvloed door het

ontwerp van dit apparaat evenals door het tijdsinterval tussen twee

opnamen. Standaardisatie fouten in vivo werden geanalyseerd met behulp

van fotografische subtractie door waarnemers. Grote fouten in de

standaardisatie bleken van nadeel vanwege de verhoogde kans op "false

positive" en "false negative" beoordelingen. Dit leidde in een

klinisch experiment tot een groot aantal niet te gebruiken foto's

(45%). Vanwege de grote variatie in de beoordelingen tussen en binnen

de waarr-mers werd de aandacht voor verdere studies gericht op

automatische analyse van röntgenopnamen, mogelijkerwijs leidend tot

een kwantificatie van verschillen tussen de bœlden en tot een groter

aantal te gebruiken foto's.

In hoofdstuk 7 werd een dergelijke techniek ontworpen en geanalyseerd

op nauwkeurigheid en validiteit. De nauwkeurigheid bleek zo hoog te

zijn dat veranderingen in bot dikker dan 0.1 mm statistisch aan te

tonen waren. De validiteit bleek eveneens hoog.

In hoofdstuk 8 werden verschillende factoren besproken die de

validiteit van deze techniek kunnen beinvloeden. In het algemeen was

de validiteit het hoogst als de röntgenopnamen gemaakt werden met een

buisspanning van 50 kVp en de aluminium referentie wig verpakt was in

kunststof. De validiteit werd beinvloed door projectie fouten van de

opnamen; de nauwkeurigheid nam af bij grotere fouten in de projectie.

In hoofdstuk 9 werd de gevoeligheid en specificiteit van drie

technieken getest in verband met de detectie van kleine parcdontale

bot veranderingen. Deze studie toonde aan dat de gevoeligheid en de

specificiteit van de drie technieken toenam in de volgorde: de

vergelijking van conventionele röntgenopnamen met behulp van
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waarnemers, de evaluatie van fotografische subtractie beelden door

waarnemers en de quantitatieve digitale subtractie techniek gebruik

makend van een beeldanalyse computer. De bruikbaarheid van de methode

met de hoogste gevoeligheid en specificiteit, de digitale subtractie

techniek, werd in een klinisch experiment getoetst op haar waarde voor

de parodontologie. Met deze methode werd in 23% van alle longitudinaal

gevolgde plaatsen veranderingen in de bot mineralisatie gevonden over

een periode van 5-8 maanden, zodat ook in vivo deze methode een lage

detectiedrempel vertoont. Na het overwinnen van enkele technische

problemen lijkt de digitale subtractie techniek grote mogelijkheden te

hebben voor in vivo toepassingen in de parodontologie.

In hoofdstuk 11 werd de plaatselijke aantconbaarheid van

hydroxyproline in gingiva vloeistof bestudeerd. Deze stof werd

geselecteerd voor onderzoek vanwege zijn specifieke voorkomen in

collageen en omdat het parodontium voor een groot gedeelte uit

collageen is opgebouwd. De gemiddelde hoeveelheid gevonden gingiva

vloeistof bleek 0.5 pi. te zijn. De detectiedrempel voor het aantonen

van hydroxyproline was 0.12 pg. Van de 122 gemonsterde plaatsen

vertoonde 12% detecteerbare hoeveelheden van deze stof variërend van

0.16-2.07 pg.

In toekomstige longitudinale klinische studies naar de activiteit van

parodontitis dienen de besproken en nieuw ontwikkelde methoden getest

te worden op hun relaties met veranderingen in aanhechtingsniveau en

botmineralisatie. Mogelijk dat hiermede nieuwe en meer gevoelige

methoden voor vaststelling van verschillen en veranderingen in de

parodontitis activiteit kunnen worden ontwikkeld.
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