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INTRODUCTION

It is generally accepted that in order to be able to deliver optimal treatment a proper diagnosis is a
prerequisite. Without this, no effective treatment can be provided for the illness (Hippocrates 460 BC377 BC). In this respect periodontal diseases are no exception. Although early descriptions of
periodontal diseases were only observational in nature, already in 1882 the American dentist Riggs
was the first to describe the periodontal probe as a tool in the diagnosis of periodontal diseases (Riggs
1882). Much later, in 1915 Black stated that a flat periodontal probe, 15 mm long with markings every
mm, should be used for the examination of clinical pockets present in periodontal diseases as well as
during periodontal surgery (Black 1915). In the 1920s, Simonton (1925) described the design of a new
instrument to measure pocket depth, which he called the University of California periodontometer. A
few years later the periodontal probe appeared in Europe and was described by the German
periodontist Sachs (1929) as a thin 1.3 mm wide steel blade. In 1931 Merritt, the designer of a popular
clinical probe stated that ...”no examination of the mouth can be regarded as complete, that does not
include the exploration of the gingival crevice ...”. Williams introduced in 1943 in his publication on
“Rationalisation of Periodontal Pocket Therapy” a probe design that is still used today in periodontal
practice. This rod-shaped probe with a diameter of 1.0 mm was, in contrast to the probe Merrit,
calibrated and showed mm markings from 1 to 10 mm without markings at 4 and 6 mm. This to
facilitate the reading of shallow pockets (1-3mm) and medium pockets (about 5 mm) and deep pockets
(7mm and more) (Williams 1943). Modifications of Williams’ probe were described by many authors.
The best known examples are probably the probes of Goldman-Fox, Nabers, Dellich, Cross and
Gilmore. In the late 1950s, Goldman et al., Orban et al., and Glickman (1958) supported in their
textbooks on periodontal disease the use of the Williams probe, being “a tapered rod-like blade which
has a blunt rounded tip”. This probe design, also used by Ramfjord (1959) when he developed indices
for the prevalence and incidence of periodontal disease, is at present still the most popular probe type
for periodontal examination.

Structure of the periodontal tissues
One important question concerning periodontal probing has been what the recording with a periodontal
probe actually reflects. Schroeder et al. (1971) suggested that periodontal probing does not record the
depth of the anatomic sulcus or pocket. They pointed out that probing may result in tissue penetration by
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the probe with consequent overestimation of the actual sulcus or pocket depth. The true description of the
periodontal pocket has been a point of discussion for a long time. It was believed that the capillary space
between the gingival epithelium and the enamel extended to the cemento-enamel junction from the time
the tooth had erupted into the oral cavity (Black 1915). This concept was rejected by Gottlieb (1921), who
found microscopic evidence for existence of an organic connection of gingival epithelium to the enamel
surface, which he called "epithelansatz" (epithelial attachment). Thus, in periodontal health, only a shallow
sulcus existed close to the free border of the gingiva. Gottlieb's theory was challenged, when Waerhaug
published his monograph "The gingival pocket" (1952), in which he reintroduced Black's concept of 1915
and denied the existence of an epithelial attachment. In his experiments, with inserted steel blades and
plastic strips, he claimed to observe that the bottom of the sulcus was situated consistently at the
cemento-enamel junction. Therefore he concluded that all epithelium belongs to the lining of the clinical
pocket, and that the gingiva was forming an adherent epithelial cuff. These challenging statements by
Waerhaug caused a reaction resulting in a series of studies, which refute the results of his experiments
(Orban et al. 1958, Stern 1962). These studies showed that the gingival epithelium apical to the sulcus is, in
fact attached to the enamel surface. Of great importance for our current knowledge has been the major
work by Schroeder & Listgarten (1971). With help of Electron Microscopic techniques they revealed that in
humans the epithelium apical to the sulcus is connected to both the tooth surface and the gingival lamina
propria by a basal lamina and hemidesmosomes. They called this structure the junctional epithelium. This
part of the epithelium is composed of nonkeratinizing cells with their long axis oriented parallel to the
tooth surface. The dentogingival junction appears to be stronger than the intercellular attachment of the
epithelium. Insertion of probes in a periodontal pocket causes penetration within the junctional
epithelium, leaving the innermost epithelial cells attached to the tooth surface. They reported that in
nearly all specimens epithelium was present between the probe tip and connective tissue.
In all, a healthy intact periodontal complex is described as the gingiva being composed of a dense
lamina propria which is covered on the oral side by the gingival oral epithelium, a stratified, squamous,
keratinizing epithelium which extends from the mucogingival junction to the gingival margin. This
epithelium continues as the gingival sulcular epithelium, which lines the lateral wall of the shallow gingival
sulcus and overlaps the coronal portion of the junctional epithelium. The latter is sandwiched between the
tooth surface and the gingival lamina propria. Just apical to the last cell of the junctional epithelium
immediately at the cemento-enamel junction the first anchoring connective tissue fibers are present. Thus
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the bottom of a sulcus is situated at the most coronal level of the epithelial attachment and the bottom of
the pocket at the most coronal level of the connective tissue attachment. Listgarten (1972) also stated that
it is better to distinguish between clinical and histological sulcus depth. To minimize confusion it is easier to
reserve the term sulcus for histological and pocket for clinical measurements (van der Velden 1979).

Parameters influencing periodontal probing
Probing assessment of a pocket depth is influenced by several variables, one of which is manual dexterity
and tactility of the examiner performing the measurements. Variables such as site and angle of insertion
(Tibbets 1969; Listgarten 1980; Isidor et al. 1984; Watts 1989), accuracy of reading the millimeter markings
(Magnusson et al. 1988) are also factors mainly determined by the examiner. Other factors are patient
cooperation and anatomical variations of the site examined; for example root curvature, malpositioned
teeth, furcation sites (Moriaty et al. 1988, 1989), remaining calculus and overhanging restorations.
Listgarten (1972) indicated that the extent of tissue penetration of a periodontal probe may be related to a
variety of factors such as probing pressure applied, thickness of the probe, contour of the tooth surface
and the degree of inflammatory cell infiltration with accompanying loss of collagen fibers.

Probing force
Studies investigating the probing forces used during periodontal probing have shown that a wide range of
forces are applied by clinicians. Clinicians exerted between 0.05 to 1.35 N, with a tendency to apply lighter
forces in the anterior and higher forces in the posterior region of the mouth. Also different probing forces
are used at different sites around teeth, i.e. the lightest force at the mid-facial aspect, followed by mesial
and heaviest force on distal aspects (Gabathuler & Hassell 1971, Hassell et al. 1973 & Freed et al. 1983). In
attempts to minimize the influence of the variations in probing force, several constant force probes have
been devised. Armitage et al. (1977) developed a coiled spring pressure probe, which could apply forces
between 0.15 N and 0.35 N and was based on a Michigan probe No. 1 with a diameter at the tip of 0.35
mm. Because of the bulkiness of the design of this probe system, only measurements in the anterior region
of the mouth were possible. Vitek et al. (1979) failed in an attempt to improve this probe and subsequently
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constructed a new constant force probe. It consisted of a leaf spring controlled periodontal probe, capable
of delivering constant, unidirectional forces to a tip over a range of adjustable loads. Tromp et al. (1978)
attached a constant force torque spring (0.15 N) wound on two cylinders in reversing winding mode, in
between the probe tine and the handle of an ordinary metal periodontal probe. The first commercially
developed force controlled periodontal probe was introduced by Polson et al. (1980). First named the
“Electronic pressure-sensitive periodontal probe” and later published as the Vine Valley Probe (Vine Valley
Research, Middlesex, New York) consisted of 2 parts: a hand piece having the size and shape of a large
fountain pen, and a small electronic controle box having a knob for pre-setting the desired probing force.
Through increasing the current passing through the electromagnetic coil in the hand piece, the force
needed to open an air gap in the hand piece when probing, also increased. As the preset force was reached
an audible indicator “beep” was heard. This electronic pressure probe made probing possible with a
constant force at any level between 0.10 N and 1.00 N .The probe had a tip diameter of 0.35 mm (Polson et
al. 1980). Simons et al. (1987) introduced a commercially version of the probe of Tromp et al. (1978), the
Brodontic®. It is a hinged constant force probe with the coiled spring in the hand-piece of the probe. The
probing force can be changed through adjusting the coiled spring and is attained when the handle is tilted
as far as the hinge opens. A possible disadvantage is the need to rotate the handle during measurements
to keep the probe aligned parallel to the tooth axis. A variation on this simple design was proposed by
Hunter (1994). The Hunter Probe® and later named the Vivacare TPS Probe® has a rigid metal tip which is
designed as a hemisphere with a diameter of 0.5 mm with a special spring mechanism which controls the
probing pressure. It was compared for its precision with a manual probe (Mayfield et al. 1996). The manual
probe proved in this study to be more reproducible. As possible explanation might be variation in force
delivery to the probe tip. Bergenholtz et al. (2000) showed a significant difference in force delivery over 12
tips with a range of 0.84N.
A periodontal probe based on another principle was developed by Van der Velden and de Vries
(1978). This probe consisted of a cylinder and piston (diameter 0.63 mm) assembly connected to a variable
air pressure system. The probing depth could first be read on a millimeter scale within the probe handle
and later recorded by a digital voltage meter (Van der Velden 1980). The advantage of this setup was that a
wide range of probing pressures could be exerted and the absence of visual recordings. Another
automated periodontal probe was introduced by Gibbs et al. (1988). This instrument, the Florida probe®, is
equipped with a probe (diameter 0.40 mm) which runs through a sleeve and during the probing depth
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measurements the sleeve is placed at the gingival margin. The probe tip is connected to a movable arm,
which transfers the movement of the probe tip to a displacement transducer with digital readout. The data
are then transferred automatically to the computer when a foot switch is pressed. At present the Florida
Probe®, Vivacare TPS probe® and the Hawe Neos Click-Probe® are the only commercially available pressure
probes for use in de daily practice. The Click-Probe® is mainly used for probing around implants with a
plastic tip (diameter 0.45mm) and has a force delivery system through a magnet which will disconnect
when a probing force is used of 0.20N.

Probing in periodontal health and disease
With the introduction of constant force probes, it has become possible to evaluate at which probing force
the measurement most accurately assesses the bottom of the histological pocket i.e. the most coronal
connective tissue attachment. To clarify relationships between probe tip and connective tissue attachment
levels, a great number of investigations have been performed. In order to be able to compare the results of
various studies on this topic, it is necessary to convert the large variation of probing forces and probe tip
diameters into “probing pressure”. This is the probing force per surface area at the tip of the probe and can
be described in N/cm2 or kPa (1 kPa = 0.1 N/cm2).
Armitage et al. (1977), in an experiment carried out on beagle dogs, tested clinically healthy sites,
inflamed sites after experimental gingivitis and sites exhibiting periodontitis. Methyl metacrylate probes
with a diameter of 0.35 mm were inserted with a force of 0.25 N, i.e. a probing pressure of 2210 kPa. The
probe tip was luted to the tooth and block sections processed for histology. Results indicated that the
relationship of the probe tip to the most apical extension of the junctional epithelium varied. This
depended on the degree of inflammation of the gingival tissues. In gingival health, the probe consistently
reached a point coronal to the apical termination of the junctional epithelium at the cemento enamel
junction by approximately 0.4 mm. In experimental gingivitis specimens, the probe tip fell short of the CEJ
by 0.1 mm. At the periodontitis sites the probe tip passed beyond the apical termination of the junctional
epithelium by a mean distance of 0.25 mm. The observations were the first to demonstrate a relationship
between the degree of inflammation and the level of probe penetration. Later histological observations
confirmed the findings of Armitage et al. (1977). No probe penetration beyond the apical termination of
the junctional epithelium was observed in periodontally healthy monkey teeth (Hancock et al. 1981).
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Polson et al. (1980) confirmed in humans, that in clinically healthy sites the probe tip is always located
coronal to the apical end of the junctional epithelium.
In gingivitis the apical termination of the junctional epithelium is still at the CEJ whereas the
location of the gingival margin may be 1-5 mm coronal of the CEJ. In case of minor gingivitis (Gingival Index
score 1, Löe & Silness 1963), the inflammatory infiltrate is restricted to the coronal portion of the gingival
tissues. In presence of severe gingivitis (GI=3) the location of the inflammatory infiltrate may include the
whole gingival or only the coronal part of the gingival dependent on the height of the gingiva in question.
Using probing pressures of 1650 -2600 kPa, histological studies have shown that only in the presence of an
inflammatory infiltrate extending to the apical termination of the junctional epithelium the probe tip may
be located apical from the CEJ. In the presence of mild gingivitis or severe gingivitis in the coronal part of
the gingiva, the probe tip will stop coronal from the CEJ (Caton et al. 1981, Anderson et al. 1991).
Therefore, due to the specific location of the inflamed connective tissue in relation to the probe tip, the
probing technique used in gingivitis may be a critical factor.
In untreated periodontitis the inflammatory infiltrate is always located on the inner side of the
pocket wall as well as apical from the apical termination of the junctional epithelium. In both treated and
non-treated sites Van der Velden & Jansen (1981), using six different probing pressures (480, 800, 1600,
2400, 3220 and 4020 kPa), found in beagle dogs that with increasing probing pressures, the location of the
probe tips changed from a position coronal to the attachment level to a position apical to the attachment
level. When using probing pressures of 1600 kPa and less, the tips appeared to end more apically than in
the relatively healthy sites. When pressures greater than 2400 kPa were used, in both groups, the tips
ended always apical to the connective tissue attachment through compression of the connective tissue.
Using a probing pressure of 2680 kPa Garnick et al. (1980) determined in humans the position of the tip of
the periodontal probe in an inflamed situation and 1 week after scaling. In the inflamed tissues the tip
extended to the base of the junctional epithelium or slightly beyond. Similar results were found one week
after scaling, possibly due to the short healing period. These authors concluded that the position of the
probe tip was determined by condensation of the connective tissue, tissue edema and alveolar bone rather
than through the epithelial attachment.
Based on the formentioned studies a lighter probing pressure is assumed to be more suitable to
indentify the base of the (histological) sulcus, i.e. the most coronal cells of the junctional epithelium. Both
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the degree of inflammation of the gingival tissues and the probing pressure determine whether or not the
probe tip will reach the apical termination of the junctional epithelium. Once the tip reaches this location,
the degree of periodontal inflammation in that area will determine whether the tip penetrates the
connective tissue.

Probe diameter and tine shape
As the penetration of the probe tip is based on the resistance of the periodontal tissues to probing, it is
likely that the diameter and the shape of the probe tine are of influence on the probing depth
measurements. Keagle et al. (1989) evaluated force-displacement curves for probes with different
diameters in healthy and inflamed tissues. Based on their experiments in dogs, a probe with a diameter of
0.6mm proved to be most discriminatory for the different levels of gingival inflammation. With increasing
severity of inflammation the 0.6mm probe tip progressed accordingly deeper into the pocket whereas the
larger diameter probe tips (0.7 and 0.8mm) on average failed to penetrate the pocket deeper with
increasing GI score.
The first study published on the influence of the tine shape was the study of Atassi et al. (1992).
They suggested that a parallel-sided tine measured a deeper probing depth than a tapered tine using the
same probing pressure in inflamed moderately deep sites. If a difference was present, the parallel-sided
tine yielded a deeper measurement but the mean difference was not statistically significant.

Reproducibility of periodontal probing measurements
Due to the large number of variables that influence periodontal probing, improving the reproducibility of
periodontal probing is largely dependent on minimizing the influence of these variables e.g. probing
pressure, periodontal health and precision and readout of the millimeter markings on the probe. Winter
(1979) and Van der Velden (1978) evaluated the millimeter markings of commercially available periodontal
probes. A great variation between the different probe tines occurs not only in the accuracy of the
millimeter markings but also in the diameter between the different tines within a production batch (Van
der Zee et al. 1991). Therefore throughout the longitudinal studies standardization of tine characteristics is
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important and therefore the same probe should be used throughout the whole study. This will enhance
the accuracy and reproducibility of periodontal probe dependent measurements. Another variable which
influences reproducibility is the potential errors made with visual recording of the millimeter markings on
the probe tine. Magnusson et al. (1988) performed a comparison between the Florida Probe® with an
electronic readout (Gibbs et al. 1987) and a standard manual probe. The potential errors associated with
charting by a second person were eliminated through the direct data entry into the computer in case of the
Florida Probe®. In this study it was concluded that the reproducibility of the measurements obtained with
the electronic probe was significantly higher to that obtained with the manual probe. The assumed
advantage of the pressure controlled probe over a conventional periodontal probe was also tested in a
study by Kalkwarf et al. (1986). They compared a manual and a pressure controlled periodontal probe prior
to instrumentation, following subgingival debridement or periodontal surgery at more than 25,000 sites
with initial probing depths of 2 to 15 mm. The pressure controlled probe was set at 0.50 N and was applied
to a probe with a diameter at the tip of 0.35 mm (5200 kPa). Pilot trails indicated that a probing pressure of
2600 kPa was not sufficient to provide reproducible measurements in the deeper sites (PPD ≥ 6mm)
encountered during this investigation. The pressure controlled probe produced significantly deeper
readings on the facial and lingual aspects of teeth regardless of the stage of periodontal therapy and in the
group with probing depths ≥ 6mm. In a comparison to a conventional Meritt-B probe without standardized
force and a constant pressure probe of 0.75 N (with a blind electronic pocket depth read out 0.1 mm
increments), no significant difference in reproducibility of approximal pocket depth measurements, either
in shallow or deep pockets, could be determined (Van der Velden & de Vries 1980). Using the Meritt-B
probe, all three examiners found deeper mean probing pocket depths. As a possible explanation the
authors suggest that in most cases the tip of the pressure probe failed to reach the bottom of the deepest
pocket in the interproximal area, due to loss of tactility by the examiner operating the pressure probe. This
also suggests that the sensitivity of pocket depth measurements to one decimal is of minor importance.
Mullally & Linden (1994) compared a pressure-controlled probe with a conventional probe at mesial and
distal sites in relatively shallow sites. The highest levels of agreement were found between both
examinations with the electronic pressure-controlled probe. Thus, a tendency towards better
reproducibility of probing measurements was noted after using a standardized force, but the difference
was not in all studies statistically significant (van der Velden & de Vries 1980; Badersten et al. 1984). Both
manual and pressure controlled probing are capable in reproducing approximately 90% of the recordings
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within ± 1.0 mm difference. This was found for intra-examiner as well as inter-examiner comparisons of 2
examiners (Badersten et al. 1984).

Assessment of loss of attachment
Through accurate monitoring of the pocket depth and attachment level, a possible loss of attachment can
be determined in its earliest stage and is essential in providing the patient with the most optimal level of
periodontal care. In periodontal health the collagen fibrous attachment reaches up to the cementoenamel junction (CEJ) (Schroeder et al. 1997). In the presence of loss of connective tissue attachment,
the first anatomical landmark to be assessed to monitor changes in the attachment level is the
cemento-enamel junction. The CEJ is often positioned subgingivally and difficulties are experienced in
the accurate clinical assessment of this anatomical landmark with a periodontal probe (Badersten et al.
1984). However for monitoring disease progression based on the attachment level measurements in
large epidemiological studies, the CEJ is the reference point of choice (Pihlstrom et al. 1992).Therefore
determining the accurate position of the CEJ is the first step in achieving an accurate probing
attachment level measurement.
Due to the difficulties of identifying the CEJ in studies on disease progression or the effect of
periodontal treatment on the attachment level, other landmarks were explored for a valid surrogate
attachment level measurement. Osborn et al. (1990) introduced the Florida Disk Probe ® were the
occlusal surfaces or the incisal edge of the tooth serves as a reference for the relative attachment level
(RAL instead of CAL). This probe is the original Florida Probe® equipped with a disk. The disk rests during
measurement on the occlusal surface of the examined tooth. In the study by Osborn et al. (1990) this
probe was compared with a conventional probe, the Michigan probe, for the intra- and inter-examiner
reliability. They found that the differences of measurements of the Florida Disk Probe® were in 93 to 95%
of the cases within 1.0 mm, and in 100% within 2.0 mm. They concluded that only when double passes
were performed (reproducibility of 100% within 1.0 mm) the use of the Florida Disk Probe® offered
advantages over the conventional probe. However, as discussed by the authors, when the occlusal
surface or the incisal edge is restored or altered in the course of the investigation, this reference for
the relative attachment level is no longer valid.
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General aim of the present thesis
In addition to its traditional role as an instrument for estimating pocket depths, the periodontal probe
has also been used to quantify gingival inflammation (Löe 1967, Mühlemann & Son 1971), dental
plaque (Silness & Löe 1964), and to estimate the degree of periodontal clinical attachment loss
(Glavind et al. 1967). In assessing gingival inflammation, the way how the pressure is exerted on the
gingival tissue may be of great importance. Therefore the purpose of the study presented in CHAPTER
2 was to compare 2 indices, i.e., the Eastman interdental bleeding (EIB) index in which the bleeding is
provoked by inserting a wooden interdental cleaner between the teeth from the facial aspect and the
bleeding on marginal probing (BOMP) index bleeding, where bleeding is provoked with a probe
running along the inner side of the gingival margin.
Loss of attachment as determined from the cemento-enamel junction (CEJ) to the most
coronal connective tissue attachment is essential for monitoring disease progression. The purpose of
the study in CHAPTER 3 was to test the accuracy and precision with which the CEJ can be assessed in
both deciduous and permanent teeth, using 3 commercially available periodontal probes with
different tip endings.
It is apparent from the existing literature that probe penetration, assuming that forces are
controlled, depends on the degree of inflammation in the adjacent soft tissue, probe tine diameter and
also tine shape. The resistance offered by the periodontal tissues when probing, will increase as the
dimensions of the probe tine increases. Therefore, the purpose of the research presented in CHAPTER
4 was to evaluate the influence of the tine shape of 3 different periodontal probes (parallel-sided,
tapered, WHO) on the measured probing depth.
In presence of periodontitis the probe tip will pass beyond the apical termination of the
junctional epithelium. Trauma to the most coronal part of the connective tissue attachment due to
scaling and root planing may result in loss of attachment (Badersten et al. 1984; Claffey et al. 1988;
Lindhe et al. 1982). Therefore an accurate assessment of the most coronal connective tissue level in
untreated periodontitis is of importance. In CHAPTER 5 the purpose of the study was to investigate in
untreated periodontitis the influence of tine shape and probing force on probe penetration in relation
to the attachment level as determined microscopically.
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As probing pocket depth increases, access for subgingival debridement becomes more
difficult (Rateitschak-Pluss et al. 1992). In inflamed situations probing measurement tend to
overestimate the actual pocket depth and subgingival instrumentation may result in connective
attachment loss (Claffey et al. 1988). The study presented in CHAPTER 6 aims to test whether a slim
ultrasonic insert reaches a more apical position when penetrating a periodontal pocket compared to
the working blade of a conventional Gracey curette in both untreated periodontitis and periodontal
maintenance patients.
Despite the possible advantages of pressure probes, the conventional periodontal probe still
is the most frequently used probe in daily periodontal practice. One of the reasons being that for
periodontal diagnosis, tactile information of the periodontal defect and root anatomy is important.
This aspect is of less importance in maintenance patients with relatively shallow pockets. Therefore
the aim of the study described in CHAPTER 7 was to test in periodontal maintenance patients whether
the systems for pressure control that have been commercially developed contribute to more
reproducible probing depth measurements as compared with a manual probe.
As increasing probing pressure results in a deeper pocket after treatment (Mombelli et al.
1992), interpretation of the treatment results may become difficult since many studies have suggested
different probing pressures in assessing the probing pocket depth before and after treatment of
periodontal diseases. In CHAPTER 8 an attempt is made to provide a correction factor that
compensates for the probing pressure employed as an aid for the comparison of outcomes of studies
using different probing pressures.
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BLEEDING INDICES AS INDICATORS OF GINGIVITIS

Diagnostic indicators to assess periodontal status are targeted towards, identifying various
characteristics of the disease process (Cowell et al. 1975). Since periodontal diseases are primarily
inflammatory in nature, the ability to detect inflammatory lesions in gingival tissues is essential for
diagnosis and monitoring therapeutic effectiveness. Gingivitis indices have been based on generally
accepted clinical features of inflammation, and they contain components that are assessed noninvasively visually (e.g., color, texture, changes in form, spontaneous bleeding) and components that
are assessed invasively (e.g., bleeding on stimulation or provocation) (Armitage 1996). Visual signs of
inflammation and bleeding on probing both can be used to detect gingivitis as shown by analysis of
gingival biopsies (Greenstein et al. 1981, Cooper et al. 1983, Caton et al. 1989), and both correlate with
the presence of an inflammatory cell infiltrate in the gingival tissues (Oliver et al. 1969, Appelgren et al.
1979, Rudin et al. 1970, Greenstein et al. 1981, Davenport et al. 1982, Abrams et al. 1984, Amato et al.
1986).
Clinical indices represent methods of converting observed clinical symptoms into an
acceptable numerical form for statistical analysis. In some sense, gingival indices may be considered
arbitrary in that any choice of criteria represents only one of many possible representations of the
reality of the disease (Barnett 1996). Nevertheless, in order to be useful, an index must have a
substantiated relationship between signs as defined by the index criteria and actual clinical changes
accompanying the progression of disease. The continued use of indices that pool clinical signs is to be
discouraged and quantitative measures of gingival inflammation should be validated for use in clinical
trials (Van Dyke et al. 1998).
In the search for objective clinical parameters, to diagnose periodontal status, bleeding on
probing has received much attention. Methods frequently employed to provoke bleeding are: (1)
bleeding on probing to the "bottom" of the pocket (Van der Velden 1979, Lang et al. 1991), by
inserting the probe parallel to the root surface directed apically towards the perceived location of the
root apex; (2) Bleeding on probing of the marginal gingival tissues by running a probe along the soft
tissue wall at the orifice of the pocket (Löe 1967, Mühlemann & Son 1971, Saxton & Van der Ouderaa
1989, Van der Weijden et al. 1994a); (3) bleeding of the interdental papilla by insertion of a wooden
interdental cleaner (Eastman Interdental Bleeding (EIB) index (Caton & Polson 1985). The
formentioned methods have been used in patients with and without periodontal breakdown. The
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present paper will focus on the evaluation of bleeding on probing in subjects without periodontal
breakdown.
Van der Weijden and co-workers have assessed gingival bleeding on marginal probing by
running the probe along the marginal gingiva, at an angle of approximal 600 to the longitudinal axis of
the tooth (Van der Weijden et al. 1994a). This method was compared to probing with a periodontal
probe to the bottom of the pocket (Van der Weijden et al. 1994a). Bleeding on marginal probing was
found to be the most appropriate method, to detect differences in the development of gingivitis
between experimental groups (Van der Weijden et al. 1994a). In a subsequent study, bleeding indices
were found to be hardly reproducible when tested on a site basis (Van der Weijden et al. 1994b). A
better intra-/inter-examiner agreement was observed when considering quadrants (Janssen et al.
1986). Caton et al. (1988) compared the EIB index, using a woodstick to provoke bleeding, with the
papilla bleeding index, which is a method of bleeding on marginal probing (PBI, Mühlemann & Son
1971). They concluded that the EIB index detected significantly more interproximal inflammatory
lesions.
Since in the case of "bleeding provoked with a probe running along the gingival margin" and
"bleeding provoked with a wooden interdental cleaner", the provocation on the gingival tissues is
carried out in a entirely different manner, the purpose of the present study was to compare 2 indices,
i.e., the Eastman interdental bleeding (EIB) index and the bleeding on marginal probing (BOMP) index.
The comparison was made (a) in terms of the degree of bleeding provoked and the relationship with
plaque in natural gingivitis and (b) for the ability of these two methods to detect differences between
the development of experimental gingivitis in a control group and a group in which the development
of gingival inflammation was suppressed by treatment.
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Material & Methods
Bleeding Indices
With the BOMP index the gingiva was scored according to the method described by Van der Weijden
et al. (1994a). In short, a Williams periodontal probe (tapered tine, tip diameter 0.5 mm; Hu-Friedy,
Liemen, Germany) was inserted into the gingival crevice to a depth of approximately 2 mm and was
run at an angle of approximately 60° to the longitudinal axis of the tooth. Presence or absence of
bleeding was scored within 30 s after probing.
Scoring the EIB index was performed by inserting the wooden interdental cleaner between
the teeth from the facial aspect, depressing the interdental tissues 1 to 2 mm. The path of insertion
was parallel to the occlusal plane with care being taken not to direct the point of the cleaner apically.
The cleaner was inserted and removed four times, and the absence or presence of bleeding within 15 s
was recorded (Caton & Polson 1985, Caton et al. 1988).
Comparison study
For this study, 45 volunteers (non dental University students) were recruited on the basis of having
moderate gingival inflammation and the absence of periodontal breakdown. In addition, at least 20
teeth had to be present with no pockets exceeding 5 mm. Moderate gingivitis was defined as at least
40% of the test-sites showing bleeding on probing at screening. The following clinical indices were
assessed at the vestibular, mesio-vestibular, disto-vestibular and lingual surfaces of all teeth; first for
all sites the plaque index (Silness & Löe, 1964) was assessed, after which the 2 bleeding indices were
assessed; i.e., the BOMP index or the EIB index. The participants were scored for bleeding using a "split
mouth" design. In 2 contra-lateral quadrants (either 1st and 3rd or 2nd and 4th), one randomly
allocated method was used being either the BOMP index or the EIB index. In the opposing quadrants
the alternative method of probing was used.
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Experimentally induced gingivitis study
The 2nd part of the study was initiated based on the assumption that a decrease in gingival health
follows a predictable sequence of signs in an index (Cowell et al. 1975). It intended to compare both
indices within the experimental gingivitis model (Löe et al. 1965), and evaluate the sensitivity to detect
a treatment effect.
For this part, 25 volunteers (non-dental University students being non-smokers) in good
general health were selected on the basis of an intra-oral examination after which the purpose,
procedures and duration of the study were explained to the participants eligible for the study. They
were requested to sign an informed consent and to fill out a medical questionnaire. Subject selection
was based on the criteria that they had 20 or more natural teeth, including at least 4 posterior teeth
free of pockets >5 mm and no interdental recession of the gingival tissues. The subjects were excluded
when orthodontic bands were present on the teeth or if they were using any medication that might
interfere with the outcome of the study (e.g., antibiotics, NSAIDs).
After the screening, examination the subjects entered a 4-week pre-trial period of
professional prophylaxis and supervised oral hygiene care to obtain optimal gingival health. Subjects
were carefully instructed in the use of a toothbrush and dental floss. At baseline the subjects received
dental-floss (Johnson & Johnson®) and a new manual toothbrush (Oral-B® p30). The desired degree of
gingival health was equal or less than 25% sites bleeding on marginal probing (Jones et al. 1990, Putt et
al. 1993).
At baseline, gingival bleeding was assessed in the lower jaw; first the BOMP index and next
the EIB index. Scoring was limited to the second incisor, canine, bicuspids and molars. 4 areas per
tooth were scored; mesio-vestibular, disto-vestibular, mesio-lingual and disto-lingual. With the EIB
index the interdental aspect was scored as 1 unit. Residual plaque was removed before starting the
experimental period. The subjects were requested not to brush the lower jaw for the next 21 days but
®

were allowed to continue brushing the upper jaw with standard toothpaste (Zendium ). In order to
introduce a treatment effect, subjects were instructed to floss one randomly assigned quadrant in the
lower jaw once a day (treatment sites). The contra-lateral quadrant in the lower jaw served as a
control (non-treatment sites). No other oral hygiene measures other than dental floss were allowed.
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After 21 days, the 25 subjects were scored for accumulated plaque (Silness & Löe, 1964) and
gingival bleeding, using the same 2 bleeding indices in the same order (BOMP index and EIB index) as
at the start of the experiment. Subjects were requested to use the floss 3 hours before their
appointment to minimize trauma and increased bleeding tendency (Abbas et al. 1982).
Data analysis
The EIB index results in one value per approximal area. Therefore the approximal bleeding scores
obtained by means of the BOMP index were converted into a single score per approximal area by
adding the 4 scores per approximal area and considering an approximal area positive for bleeding if at
least one of the sites showed bleeding on probing. Next the proportion of bleeding approximal sites
was calculated. For the statistical analysis of the data of the "comparison study" correlation
coefficients between the plaque and the two indices were calculated and tested. An analysis of
variance and covariance with repeated measures (BMDP 2V) was performed on the data of the
"experimental study" in order to determine the difference between the indices in both the treatment
and non-treatment areas. p-values <0.05 were accepted as statistically significant.

Results
Comparison study
Table 1 shows mean plaque and bleeding scores as assessed within the split-mouth design of this part
of the study. Plaque scores represent a mean of a random allocation of a quadrant set of both the 1st
and 3rd or 2nd and 4th quadrant in relation to the assigned bleeding index. The plaque scores as
assessed on the BOMP index sites was 1.42 and 1.43 on the EIB index sites. No statistically significant
difference was found between the proportions of bleeding sites of the 2 indices. Table 1 shows the
correlation coefficients between plaque and bleeding scores. A good correlation was observed
between plaque scores of the 2 contra lateral quadrants as assigned to the BOMP index and those
assigned to the EIB index (correlation coefficient 0.90). The correlation between the BOMP index and
plaque (0.55) was higher than with the EIB index and plaque (0.44).
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Table 1. Mean plaque and bleeding scores and correlation coefficients between plaque and bleeding scores as
assessed within a splitmouth design

Plaque

Bleeding

Correlation coefficient

BOMP quadrant sites

1.42 (0.40)

84% (14%)

0.55*

EIB quadrant sites

1.43 (0.40)

87% (15%)

0.44*

Correlation coefficient

0.90*

0.62*

Standard deviations in parenthesis.
* P<0.01.
BOMP: bleeding on marginal probing index, proportion of bleeding.
EIB: Eastman interdental bleeding index, proportion of bleeding sites.

Experimentally induced gingivitis study
Table 2 shows the bleeding scores as assessed at day 0 and plaque and bleeding scores at day 21 of the
experimentally induced gingivitis in the lower jaw. Data are presented for sites where no oral hygiene
measures whatsoever were used (non-treatment sites) and for sites where only dental floss was used
(treatment sites). At baseline the percentage of bleeding sites with the BOMP index for treatment and
non-treatment sites was 14% and 12% respectively and with the EIB index 23% and 21%. All subjects
received a professional prophylaxis at day 0. Therefore after 21 days the amount of plaque increased
from zero to 0.67 at treatment sites and to 1.57 at non-treatment sites. The difference in the plaque
index between the treatment and non-treatment sites was significantly different at day 21.
Accordingly bleeding increased to 38% and 69% in treatment and non-treatment sites respectively
with the BOMP index and to 30% and 73% with the EIB index. The difference between the treatment
sites and the non-treatment sites was for both the BOMP index and the EIB index statistically
significant.
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When comparing the data from day 0 to day 21 in both treatment and non-treatment sites
for the BOMP index, it shows a significant increase. For the EIB index, this was only true for the nontreatment sites. In the treatment sites no significant difference was found between baseline and day
21. Therefore when comparing both indices in treatment sites the increase in bleeding from day 0 to
day 21 is, when using the BOMP index, significantly higher (14% → 38%) in comparison to the EIB index
(23% → 30%). The increase in non-treatment-sites was comparable the BOMP index (12% → 69%) and
the EIB index (21% → 73%).

Table 2. Mean plaque and bleeding scores as assessed at day 0 and day 21 of the
experimentally induced gingivitis in the lower jaw

Treatment

Non-treatment

day 0 o

day 21

day 0 o

day 21

BOMP

14%

38%

12%

69%*

EIB

23%

30%

21%

73%*

-

0.67

-

1.57*

plaque
Standard deviations in parentheses.
o

Plaque before entering the experimental gingivitis phase was ‘‘0’’ after a professional prophylaxis.

* p <0.05 comparison using analysis of variance between treatment and non-treatment.
BOMP: bleeding on marginal probing index, proportion of bleeding sites.
EIB: Eastman interdental bleeding index, proportion of bleeding sites.

Table 3 shows correlation coefficients between both bleeding scores at day 0 and day 21. The two
bleeding indices at day 0 correlated significantly with each other, both in treatment (0.38) and nontreatment sites (0.17). Higher correlations were found at day 21 (0.45 and 0.63, respectively). Table 3
also shows correlation coefficients between plaque and bleeding scores in treatment and nontreatment sites at day 21. The correlation with plaque in the non-treatment sites was significant and
substantial for both the BOMP index (0.64) and the EIB index (0.60). In contrast in treatment sites no
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correlation between plaque and bleeding scores was observed at day 21 (BOMP index 0.04 and EIB
index 0.06, respectively).

Table 3. Correlation coefficients between both bleeding scores at day 0 and day 21; correlation coefficients
between plaque and bleeding scores in treatment and non-treatment sites at day 21

Treatment

Non-treatment

0.38*

0.17*

EIB versus BOMP

0.45*

0.63*

BOMP versus Plaque

0.04

0.64*

EIB versus Plaque

0.06

0.60*

Day 0
EIB versus BOMP
Day21

Standard deviations in parenthesis.
* P<0.05.
BOMP: bleeding on marginal probing index, proportion of bleeding.
EIB: Eastman interdental bleeding index, proportion of bleeding sites.

Discussion
The present study aimed at comparing 2 bleeding indices (BOMP index and EIB index) which differ in
their method to elicit bleeding, and assess their relation to the level of plaque. For the present studies
subjects were selected without interdental recession of the gingival tissues. In case of recession the EIB
index cannot be properly assed since in that case the interdental tissues cannot be depressed and
obviously no bleeding can be provoked.
The 2 indices were evaluated in natural gingivitis and in case of experimental gingivitis. In the
comparison study (first part), where subjects with natural gingivitis were selected, the mean %
bleeding scores were comparable for the BOMP index and the EIB index. In relation to the level of
plaque the BOMP index correlated better with plaque than the EIB index. This suggests that the BOMP
index could be a more appropriate index evaluating the relationship between plaque and natural
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occurring gingival inflammation. Lie et al. (1998) in a comparable age group of non-smokers using the
BOMP index observed a correlation with plaque of 0.66 in relatively healthy conditions at baseline of
an experimental gingivitis study. A non-significant correlation of 0.35 in the same subjects was
observed after 14 days of full mouth experimental gingivitis, whereas in the present 21-day
experimental gingivitis study, there was a significant correlation of 0.64 for the non-treated sites.
Whether the 7-day longer time span of the experimental gingivitis in the present study is responsible
for the difference in the correlation coefficients remains unknown. However it must be kept in mind
that the amount of plaque was assessed by means of the Silness & Löe (1964) plaque index and that
different results might have been obtained if other methods of evaluating plaque would have been
used.
Although a bleeding component is commonly thought to confer "objectivity" to a gingival
index, all possible variations associated with the details of how bleeding determinations are
accomplished, can, in fact, be a rather imprecise determination subject to the interpretation of
individual investigators (Barnett 1996). In this respect, bleeding due to trauma may play an important
role as has been suggested by Lang et al. (1991). These authors showed in subjects with a healthy
periodontium that the bleeding provoked in that case, was due to trauma. Most likely the higher
bleeding values as found by means of the EIB index compared to the PBI in the study of Caton et al.
(1988) could also be the result of trauma. Apparently, bleeding on marginal probing as employed in
the PBI is less traumatic than bleeding on inserting a wooden interdental cleaner as used in the EIB
index. Based on the above considerations, it was decided to evaluate in the experimental gingivitis
study first the BOMP index and secondly the EIB index. In this comparison it must also be kept in mind
that, when using the BOMP index, one approximal area was already considered to be bleeding, when 1
out of 4 assessments per papilla showed bleeding upon probing.
The phenomenon that the insertion of a wooden interdental cleaner is more traumatic than
marginal probing was not confirmed in the first part of the present study in natural gingivitis.
Therefore the higher bleeding scores at baseline in the experimental study as obtained by means of
the EIB index subsequently to the BOMP index could be the result of 2 phenomena (1) more trauma by
means of the EIB index compared to the BOMP index and (2) the effect of repeated trauma. However,
as in both the study of Caton et al. (1988) and the present study no standardized forces were used to
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score bleeding, no conclusions can be drawn on the effect of trauma when using the EIB index or the
BOMP index.
The experimental gingivitis model was chosen because it is frequently used to evaluate the
effect of antimicrobial agents on developing plaque and gingivitis (Wennström 1988). In the present
21-day experimental gingivitis study, the correlation between plaque and the 2 bleeding indices was
comparable in the non-treated sites. This suggests that in this particular model both indices are
appropriate. Interestingly in the treated sites no correlation was observed between plaque and
bleeding with either index. The reason for this absence of a correlation is not fully understood. An
explanation could be found in the possibility of trauma caused by flossing itself. If flossing is performed
in a traumatizing manner or shortly before the assessment of the bleeding indices, part of the scored
bleeding could be of a traumatic nature due to flossing (Abbas et al. 1982). The observation of no
correlation between plaque and bleeding with either index indicates that with this experimental
gingivitis model care should be taken when testing therapeutic products which affect plaque growth
and are evaluated based on bleeding indices only. This also underlines the importance of not only
looking at plaque but also scoring bleeding in case one wants to evaluate the anti-gingivitis potential of
a therapeutic product.
In Conclusion
The correlation of both bleeding indices with plaque in natural gingivitis was good, whereas the level
of bleeding as assessed with the EIB index was slightly higher. When treatment modalities based on
plaque removal are evaluated during experimental gingivitis there appears to be a chance that the
correlation of these bleeding indices with plaque is lost. In the absence of treatment both indices
responded similarly within the experimental gingivitis design. Based on the results of this study it can
be concluded that the ability of the BOMP index and the EIB index to assess the level of gingival
inflammation appears to be comparable.
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Loss of connective tissue attachment is an important parameter for the assessment of periodontal
destruction and disease progression. In periodontal health the collagen fibrous attachment reaches up
to the cemento-enamel junction (CEJ) (Schroeder et al. 1997). The CEJ can therefore serve as a fixed
reference point to establish the degree of periodontal clinical attachment loss (CAL) (Glavind et al.
1967). Although CAL should ideally be measured from the base of the pocket to the CEJ, various factors
including variation in probing force (Hassell et al. 1973; Van der Velden 1979; Mombelli et al. 1992),
periodontal inflammation ( Armitage et al. 1977, Van der Velden 1980, Fowler et al. 1982, Bulthuis et
al. 1998), tactile and visual assessment errors (Watts et al. 1995), root morphology (Theil & Heaney
1991) and probe design (Barendregt et al. 1996) can affect the accuracy of probing pocket depth
measurements. The CEJ is often positioned subgingivally and difficulties are experienced in the
accurate clinical assessment of this anatomical landmark with a periodontal probe (Badersten et al.
1984). Where most periodontal parameters are liable to visual observational error, the CEJ is obviously
liable to this phenomenon but also to tactile error due to lack of a clear demarcation (Watts, 1987). In
addition, on the proximal surfaces the partial vertical course of the CEJ may increase difficulty in
assessing the CEJ (Badersten et al. 1984). Therefore when combining probing pocket depth and
assessment of the CEJ for measuring CAL, the possible measurement errors are additive and the
accuracy suffers (Jeffcoat et al. 1986).
The existing literature on the validity of the clinical assessment of the CEJ is sparse. A
measurement is valid if it is both accurate and precise (reproducible). In an effort to increase both
accuracy and reproducibility of CEJ detection, different probe shapes have been used to increase
tactility in finding the subtle demarcation indicative for the CEJ (Hug et al. 1983; Watts 1989; Reddy et
al. 1997; Karpinia et al. 2004). However no clear conclusion can be provided based on these studies
with respect to the “correct” probe design which will improve the accuracy.
With the difficulties of identifying the CEJ in studies on disease progression or the effect of
periodontal treatment on the attachment level, other landmarks were explored for a valid clinical
attachment measurement. Osborn et al. (1990) introduced the Florida Disk Probe ® where the occlusal
surfaces or the incisal edge of the tooth serves as a reference for the clinical attachment level. The
®

reproducibility of this model of the Florida Probe was tested by Marks and coworkers (1991). They
®

showed, comparing clinical attachment level measurements from a stent with the Florida Probe and
®

the Florida Disk Probe , that the latter probe was as reproducible in achieving (relative) clinical
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®

attachment level measurements as the Florida Probe . However, as discussed by the authors, when
the occlusal surface or the incisal edge is restored in the course of the investigation, this reference for
the relative attachment level is no longer valid. Pihlstom et al. (1992) also studied the reproducibility
of relative probing attachment level measurements using a stent as a reference point. They concluded
that stents increase the intra- and inter-examiner reproducibility. Stents are therefore useful in studies
evaluating treatment modalities. However for monitoring disease progression based on the
attachment level measurements in large epidemiological studies, the CEJ is the reference point of
choice (Pihlstrom et al. 1992). Furthermore in order to evaluate clinically to what extent attachment
loss is present, the CEJ must be used. Thus valid assessment of the CEJ is a prerequisite for proper
estimation of the amount of periodontal breakdown. Therefore, the purpose of the present study was
to test the accuracy and precision with which the CEJ can be assessed using 3 commercially available
periodontal probes with different tip endings in both deciduous and permanent teeth.

Material and Methods
Experimental tooth models
For this study, 70 permanent (third molars excluded) and 30 deciduous extracted intact human teeth
without restorations were selected. The group of permanent teeth included 10 incisors, 5 cuspids, 10
premolars and 10 molars of the upper and lower jaw respectively. The group of deciduous teeth
consisted of 3 upper incisors, 4 upper cuspids, 13 upper- and 10 lower molars. After having been
cleaned of debris and calculus, the teeth were individually mounted in plaster up to and including the
®

apical ½ of the root. Next an artificial gingiva was prepared of silicone rubber (Dublicil , Komponente
A,B/Spec., Dreve-Dentamid, Germany) covering the remaining part of the root and the cervical part of
the crown up to half of the crown length, thus covering the complete CEJ (Fig. 1a).
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Fig 1a: From left to right: 1) model with artificial gingiva for clinical assessments;
2) model without artificial gingiva for microscopic evaluation

Probes
Three commercially available probes were investigated for their ability to identify the subgingival CEJ:
a)

Conventional manual probe Merritt-B (Hu-Friedy, Chicago, USA) (Fig. 1b); this tapered probe
has a rounded tip with a diameter of 0.5 mm and Williams markings at 1 mm intervals from 1
to 3, 5 and 7 through 10 mm.

b)

CPITN probe (WHO) Hu-Friedy, Chicago, USA): the probe has a spherical ball-like tip with a
diameter 0.5 mm. The probe was modified to have markings at each millimetre from 3 to 10
mm. The small dimensions at the tip of the probe did not allow for markings at the 1 and 2 mm
(Fig. 1b)

c)

Vivacare TPS probe: this probe is made of rigid metal and has a tip which is designed as a
hemisphere with a diameter of 0.5 mm. The transition to the 0.2 mm tapered shaft sharply cuts
back circumferentially to create a defined equatorial rim. This design supposed to improve the
tactile sensation. Broad-banded black markings are present at a 3.0 to 5.0 and 8.0 to 11.0 mm
distance from this rim. Finer calibrations at 1 mm intervals are present to provide a more
accurate reading. The probe has a standardized pressure feature to increase the accuracy of
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pocket depth assessments. For this study, which specifically looked at the CEJ, the forcecontrolled mechanism was locked (Fig. 1b).

Fig. 1b: From left to right: 1) Conventional manual probe Merritt-B (Hu-Friedy,
Chicago, USA), 2) Vivacare TPS probe and 3) CPITN probe (WHO) Hu-Friedy, Chicago, USA)

Clinical assessment of the CEJ
Four experienced examiners (2 periodontist and 2 dental hygienists) performed clinical measurements
to detect the subgingival position of the CEJ in relation to the position of the artificial gingiva. Both the
experimental permanent and deciduous tooth models were randomly divided into 3 sets. In order to
achieve that all examiners assessed the same site with the three different probes, the clinical
measurements were performed in 3 sessions, with an interval of at least 1 week. Per examiner in each
session one of the 3 probes was assigned to one of the sets of experimental tooth models. The order in
which the 4 examiners used the 3 probes was randomized. The sets were scored in a fixed sequence
throughout the 3 sessions.
The duplicate recordings were made in each session with a 60 minutes interval at the
distobuccal (DB), midbuccal (B), mesiobuccal (MB), distolingual (DL), lingual (L) and mesiolingual (ML)
sites. Positional error for site and direction of probing was controlled by marking the location of these
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6 sites with a distinct black vertical line made by a waterproof marker on the clinical crowns of the
experimental teeth. The apical end of this vertical line stopped at the gingival margin (Fig. 1a). Each
measurement was rounded off to the nearest millimeter. Not attempts were made to blind the
examiners to the probes since it was recognized that blinding, given the study design, would have been
impossible.

Microscopic assessment of the CEJ
After all clinical CEJ assessments had been completed, a microscopic assessment was performed as
true reference for the position of the CEJ. For the microscopic assessments the apical end of the black
vertical line as used for the clinical assessments served as the reference point for the position of the
gingival margin (Fig. 1a). After the silicone rubber gingiva was removed (Fig. 1a) the distance between
de CEJ and apical end of the vertical marking, indicating the gingival margin, was determined using a
stereomicroscope at 80x magnification and a caliper with a electronic readout at all six marked sites.
The measurements were rounded off to one tenth of a millimeter.

Statistical Analysis
The site was used as the unit of analysis for the CEJ measurements of the 4 examiners and the 3
different probes. The site was used in this way since measurements were performed on extracted
teeth with a randomly molded gingiva. Therefore independence between sites at each tooth could be
assumed. The repeated measures analysis was performed entering PROBES, EXAMINERS,
FIRST/SECOND MEASURMENT as within subject factors and permanent/deciduous teeth as between
factor. For the accuracy of the probes the microscopic assessment served as the true reference. The
same model of repeated measures analysis was used for analyzing the difference with the microscopic
measurement for each individual probing assessment.
Post Hoc testing was performed for differences between the examiners. To test for systematic
differences between sessions and per examiner paired Student t-test were used. Intra-examiner paired
assessments were also analyzed by percentage of agreement. The Pearson correlation coefficient was
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used to test the inter-examiner paired readings. P-values of <0.05 were accepted as statistically
significant.

Results
In Table 1 the results are presented of the microscopic assessment and the duplicate clinical
assessments of the distance from the CEJ to the gingival margin with the three probes at permanent
and deciduous teeth. At the permanent teeth the microscopic measurements showed a mean distance
of 2.58 mm. Due to the orientation of the CEJ to the artificial gingiva the distance between the gingival
margin and the CEJ ranged between 0.9 and 4.6 mm. The latter was found at a buccal surface.
Interproximally the smallest distance was found between the gingival margin and the CEJ i.e. 0.9 mm.
The microscopic assessment in the deciduous teeth ranged from 1.2 to 4.9 mm with a mean of 3.12
mm. The orientation of the CEJ to the artificial gingiva provided the smallest distance at the
interproximal surface i.e. 1.2 mm.
The clinical measurements performed at the permanent teeth with the three probes showed
a comparable range i.e. 0 to 5 mm. The mean assessment of the gingival margin to the CEJ ranged
from 2.39 mm to 2.63 mm. With all three probes the second assessment in the permanent teeth was
significantly deeper, ranging from 0.05 to 0.09 mm, compared to the first assessment. The clinical
measurements at the deciduous teeth with the Merritt-B probe ranged from 1 to 6 mm, for the CPITN
probe 1 to 5 mm and with the TPS probe 1 to 4 mm. The differences between the first and the second
measurement were small, ranging from 0.01 to 0.07 mm more apical for the second measurement.

52

CEMENTO-ENAMEL JUNCTION DETECTION “IN VITRO”

Table 1. Descriptives -The mean microscopic distance (in mm) from the CEJ to the gingival margin in permanent
st
nd
and deciduous teeth and the mean distance (in mm) of the 1 and 2 assessment with the three probes
(standard deviation in parenthesis).

Permanent teeth (n=420)

Microscope

Meritt-B

Mean distance
1st assessment
2nd assessment

2.58 (0.72)

2.63 (0.51)
2.58 (0.53)
2.67 (0.55)

2.47 (0.54)
2.44 (0.60)
2.50 (0.55)

2.39 (0.46)
2.36 (0.53)
2.41 (0.47)

p<0.001

p<0.001

p<0.001

3.14 (0.45)

2.77 (0.37)

2.48 (0.37)

3.14 (0.49)
3.13 (0.50)

2.73 (0.40)
2.80 (0.42)

2.47 (0.42)
2.50 (0.40)

p<0.001

p<0.001

p<0.001

Overall Significance*

CPITN

TPS

Deciduous teeth (n=180)
Mean distance

3.12 (0.63)

1st assessment
nd
2 assessment
Overall Significance*
st

nd

*= Paired T-test for difference between 1 and 2 assessment with the three probes

Intra-examiner reproducibility
For the intra-examiner reproducibility the mean difference between the first and second assessment
of the distance from the CEJ to the gingival margin is presented by examiner for each of the three
probes (Table 2). In permanent teeth the difference varied between -0.18 and 0.04 mm with Merritt-B
probe, -0.24 and 0.08 mm for the CPITN probe and -0.13 and 0.10 mm for the TPS probe. Repeated
measures analysis showed a significant effect of the examiners on the difference between of the first
and second assessment. Post-testing showed that the estimation of the CEJ by examiner 3 was
significantly deeper at the second assessment with all three probes but amounted to 93% of
agreement within ± 1 mm (p<0.05). Examiner 1 assessed the CEJ with the Merrit–B probe the second
time more apical but achieved with all probes 99% agreement. The overall percentage agreement for
differences in between the -1 and +1 mm was for all probes the same (95%).
In deciduous teeth the mean difference varied between -0.04 and 0.07 mm with Merritt-B
probe, -0.13 and 0.03 mm for the CPITN probe and -0.13 and 0.08 mm for the TPS probe (Table 2). The
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Repeated measure analysis showed that examiners had a significant effect on the comparison of the
first and second assessment except for the Merrit-B probe. Post-testing showed no significant
difference between the two assessments for all examiners with the Merrit-B probe. Examiners 3 and 4
proved with all three probes to be the most reproducible of the four examiners. The overall
percentage of agreement for differences between the -1 and +1 mm was for the Merrit-B probe and
the TPS probe 98%. The CPITN probe showed a 96% of agreement.
st

nd

Table 2. Intra-examiner reproducibility - the mean difference (in mm) between the 1 and 2 assessment of the
distance from the CEJ to the gingival margin presented by examiners with the three probes in permanent and
deciduous teeth (standard deviation in parenthesis).

Merritt B

Permanent teeth
examiner 1
examiner 2
examiner 3
examiner 4

-0.06 (0.55) ♦
-0.09 (0.87) ♦
-0.18 (0.82) ♦
-0.04 (0.85)

% agreement

99%
91%
95%
93%

Repeated measures ◊ p<0.001

95%

Deciduous teeth
examiner 1
examiner 2
examiner 3
examiner 4

99%
96%
97%
99%

Repeated measures ◊

Overall % agreement

-0.01 (0.69)
-0.08 (0.88)
-0.24 (0.79) ♦
-0.08 (0.91)

% agreement

99%
98%
93%
90%

p<0.05

Overall % agreement

-0.04 (0.54)
-0.04 (0.74)
-0.07 (0.67)
-0.02 (0.59)

CPITN

NS

% agreement

-0.04 (0.56)
-0.12 (0.75) ♦
-0.13 (0.83) ♦
-0.10 (0.84) ♦

95%

-0.11 (0.66) ♦
-0.13 (0.77) ♦
-0.06 (0.69)
-0.03 (0.74)

99%
96%
94%
92%

p<0.001

98%
94%
97%
94%

p<0.05
98%

TPS

95%

-0.09 (0.66)
-0.13 (0.63) ♦
-0.04 (0.66)
-0.08 (0.77)

98%
98%
99%
95%

p<0.01
96%

98%

% agreement is expressed as the difference between the 1 st and 2nd assessment within the interval of -1 mm to +1 mm
◊ the overall effect of the examiner on the reproducibility of the duplicate measurement using 1 st and 2nd assessment.
A negative value represents a deeper measurement in the 2 nd assessment
♦ Post testing using Student T-test, significant differences between duplicate measurements (p<0.05)
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Inter-examiner reproducibility
All examiners assessed the same site in duplicate with the same probe. Based on the mean distance
from the gingival margin to the CEJ for each of the 3 probes per examiner, the inter-examiner
reproducibility was evaluated (Table 3). In both permanent and deciduous teeth the examiner had a
significant effect on the recorded location of the CEJ. In permanent teeth the assessments of the CEJ
by the four examiners ranged from 1.87 mm with the TPS probe by examiner 2 to 3.15 mm assessed by
examiner 1 with the Merrit-B probe. In the deciduous teeth examiner 2 with the TPS probe and
examiner 3 with the CPITN probe assessed the lowest mean value of 2.34 mm. The highest mean value
of 3.24 mm was recorded by examiner 2 with the Merrit-B probe.
In permanent teeth the inter-examiner correlations for the paired assessments with the
Merrit-B probe of the four examiners ranged from 0.37 to 0.53 (Pearson Correlation). The CPITN probe
showed a comparable correlation between the examiners ranging from 0.36 to 0.52 and the
correlation for the TPS probe ranged from 0.25 to 0.48. The inter-examiner correlations in the
deciduous teeth with the Merrit-B probe were higher than in than permanent teeth, ranging from 0.40
to 0.60. The CPITN and the TPS showed lower correlations ranges (0.08 to 0.48 and 0.12 to 0.44 resp.).
Table 3. Inter-examiner reproducibility - the mean (in mm) of the duplicate estimations per
examiner of the distance from the gingival margin to the CEJ for each of the 3 probes in
permanent and deciduous teeth (standard deviation in parenthesis).

Permanent teeth
examiner 1
examiner 2
examiner 3
examiner 4
ANOVA

Merrit-B

CPITN

TPS

2,3,4

2,3,4

3.15 (0.64)
2.10 (0.75) 1,3,4
2.50 (0.68) 1,2,4
1,2,3
2.81 (0.63)
p<0.001

3.00 (0.70)
2.00 (0.77) 1,3,4
2.33 (0.67) 1,2,4
1,2,3
2.54 (0.68)
p<0.001

2.73 (0.70)
1.87 (0.63) 1,3,4
2.66 (0.69) 2,4
1,2,3
2.29 (0.54)
p<0.001

2,4

3.32 (0.53) 3,4
3,4
3.42 (0.73)
2.67 (0.57) 1,2,4
3.13 (0.47) 1,2,3
p<0.001

2.98 (0.46) 2,3
1,3,4
2.78 (0.66)
2.34 (0.54) 1,2,4
2.98 (0.44) 2,3
p<0.001

2.54 (0.49) 2
1,4
2.34 (0.55)
2.43 (0.60) 4
2.62 (0.52) 2,3
p<0.001

Deciduous teeth
examiner 1
examiner 2
examiner 3
examiner 4
ANOVA
1,2,3,4

= Post-Hoc testing; significant differences between examiners (p<0.05)
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Accuracy
To test the accuracy of the three probes the mean difference between the microscopically
assessed position of the CEJ and the mean clinical assessment of the CEJ relative to the gingival margin
was calculated (Table 4). Based on repeated measures analysis, all probes differed in their assessment
of the CEJ. In permanent teeth the Merrit-B probe was the most accurate (-0.05mm) showing no
significant difference with the microscopic assessment. Both the CPITN probe and the TPS probe (0.11
mm and 0.19 mm respectively) assessed the CEJ more coronal than the actual position.
In the deciduous teeth the Merrit-B probe was most accurate in relation to the microscopic
assessment (-0.02mm). Both the CPITN probe and the TPS probe stopped coronal of the CEJ (0.35 mm
and 0.63 mm respectively). Comparing the accuracy of the different probes between the permanent
and the deciduous teeth no significant difference was observed using the Merritt-B probe. In the
deciduous teeth the CPITN probe and the TPS probe assessed the CEJ more coronally than the true
position comparing to the permanent teeth (0.35mm vs. 0.11 and 0.63mm vs. 0.19 respectively.).
Table 4. Accuracy – Percentage of accuracy and the mean difference (in mm) between the microscopic
assessment and the mean measurement (in mm) of the location of CEJ with the 3 probes, for each of
the 4 examiners, in permanent and deciduous teeth (standard deviation in parenthesis)

Merritt
Permanent teeth

-0.05 (0.68)

examiner 1
examiner 2
examiner 3
examiner 4

-0.57 (0.67)*
-0.49 (0.85)*
-0.11 (0.88)*
-0.23 (0.82)*

Deciduous teeth

-0.02 (0.51)

examiner 1
examiner 2
examiner 3
examiner 4

-0.20 (0.51)*
-0.29 (0.67)*
-0.45 (0.75)*
-0.02 (0.56)

Permanent versus Deciduous
*
m,c,t

■
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NS

CPITN
c,t

TPS

-0.11 (0.59)*

m,t

-0.42 (0.67)*
-0.58 (0.82)*
-0.24 (0.78)*
-0.04 (0.73)
c,t

0.35 (0.52)*

0.19 (0.58)* m,c
-0.15 (0.63)*
-0.71 (0.73)*
-0.07 (0.88)
-0.29 (0.68)*

m,t

0.63 (0.46)*

0.14 (0.55)*
0.34 (0.68)*
0.78 (0.73)*
0.14 (0.61)*

0.57 (0.58)*
0.78 (0.55)*
0.68 (0.68)*
0.49 (0.61)*

p<0.001■

p<0.001■

c,t

paired T-test comparing mean probe assessment with microscopic assessment. A negative value
represent a deeper probing measurement than the microscopic assessment
ANOVA for differences between probes; significant differences between probes (p<0.001),
m=Merritt, c=CPITN, t=TPS.
ANOVA comparing permanent teeth and deciduous teeth
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Fig. 2 a, b, c, shows the accuracy of the three probes based on the frequency distributions of
the difference between the microscopically assessed position of the CEJ and the mean CEJ assessment
relative to the gingival margin. In permanent teeth with the Merritt-B probe 33% of the measurements
corresponded with the microscopic assessment of the CEJ. Whilst in 26% the probe tip was 0.5 mm
apical and in 18% 0.5 mm coronal of the CEJ. In all, 95% of the measurements fall within the interval of
-1 to +1 mm. In the deciduous teeth the Merritt-B corresponded in 41% of the measurements with the
microscopically assessed position of the CEJ. In 99% the difference lies within the -1 to +1 mm interval.
Fig. 2a Frequency distribution of the difference between the CEJ estimation with the Merrit B probe as
compared to the microscopic assessment with 0.5mm increments in permanent and deciduous teeth
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The measurements with the CPITN probe in permanent teeth were in 36% in accordance with the
microscopically assessed position of the CEJ. In 24% the probe tip was 0.5mm apical and in 21% 0.5
mm coronal to the CEJ. In all, 91% of the measurements fall within the interval of -1 to +1 mm. In the
deciduous teeth the CPITN probe corresponded in 29% of the measurements with the actual position
of the CEJ. In 59% the CEJ was estimated coronal of the CEJ.
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Fig. 2b Frequency distribution of the difference between the CEJ estimation with the CPITN probe as
compared to the microscopic assessment with 0.5mm increments in permanent and deciduous teeth
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The TPS probe assessments in permanent teeth corresponded in 35% of the measurements
exactly with the actual position of the CEJ. Whilst in 36% the assessment was 1 mm coronal to the CEJ.
In all, 93% of the measurements fall within the interval of -1 to +1 mm. In the deciduous teeth the TPS
probe corresponded in 41% of the measurements to the CEJ while in 37% the CEJ was estimated more
coronally.
Fig. 2b Frequency distribution of the difference between the CEJ estimation with the TPS probe as compared
to the microscopic assessment with 0.5mm increments in permanent and deciduous teeth
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Discussion
The most important clinically detectable change during periodontal breakdown is loss of connective
tissue attachment relative to its original location at the CEJ. The CEJ can serve as a fixed reference
point but not easily identified especially when it is still covered by gingival tissue. Therefore clinical
evaluation of the accuracy of CEJ assessments has the impracticality of not being able to obtain the
true value without extraction or a surgical intervention (Hug et al 1983). In the literature clinical
studies claiming to test accuracy (Karpinia et al. 2004; Janssen et al. 1998) fail to do so. Based on the
study design presented, without a true value, the data presented only represent the reproducibility of
the methods tested. The “in vitro” study design of the present study provides an optimal situation for
obtaining the true value and therefore testing the accuracy of the three probes used. Factors
influencing an accurate estimation of the CEJ, such as the presence of calculus and restorations, were
avoided by selecting teeth without restorations and careful cleaning of the teeth.
Hug et al. (1983) in estimating the CEJ showed, also in both intra- and inter-examiner
comparisons, a low reproducibility. The intra-examiner reproducibility of probing measurements from
the stent to the gingival margin showed the highest reproducibility (Watts (1987). The stent to the CEJ
showed the least reproducibility with measurement errors within ± 1 mm. Clark et al. (1987) compared
the intra-examiner reproducibility for probing depth and attachment level when measuring from a
custom occlusal stent or the CEJ. Increased reproducibility was observed with attachment level
measurements using the stent. The level of intra-examiner agreement for CEJ measurements was 72%
within ± 1 mm. Because of the limitations of a custom occlusal stent for epidemiological field studies,
they stated that the traditional CEJ method seems to be the only possible option. In the present study
the intra-examiner reproducibility in assessing the CEJ in the permanent teeth was for all probes 95%
within ± 1 mm of difference. This result is comparable to Badersten et al. (1984). They showed an
intra-examiner reproducibility of 90% within ± 1 mm. Based on the data of the present study in the
deciduous teeth using the Merrit B probe, the intra-examiner reproducibility was even higher. In 98%
the assessments were between -1 and +1 mm and showing no significant differences between the four
examiners using the Merrit-B probe. In all, the intra-examiner reproducibility in the present study is
good and the Merrit-B probe performed best in the deciduous teeth.
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Analysis of the inter-examiner reproducibility showed significant differences between all four
examiners. This is also apparent from the Pearson correlation coefficients. In comparison to the results
reported by Clark et al. (1987), the inter-examiner reproducibility when assessing the CEJ in a
subgingival position, the Pearson correlation coefficient amounted to 0.59 between the 2 examiners.
In the present study the highest correlation in the permanent teeth was 0.53 between examiner 1 and
2. The lowest was found for the TPS probe between examiner 3 and 4 (0.25). In the literature no
studies are available as comparison for the inter-examiner correlation in deciduous teeth. It is clear
from these data that all examiners differed in assessing the CEJ and inter-examiner reproducibility is
relatively poor.
When improving the accuracy and the reproducibility of CEJ probing measurements, one of the
variables is the probe itself. In the literature several designs have been used with one common feature
i.e. a distinct sharp edge at the probe tip for improved tactility. Compared to a conventional probe tip,
the modified design by Hug et al. (1983) was not able to increase the accuracy, while Watts et al.
(1989) showed an improved reproducibility for the modified Cross calculus probe with an offset scale.
Karpinia et al. (2004) and Preshaw et al. (1999) used a probe with, at the tip, a diameter of 1.25mm for
CEJ assessments. Although showing reproducible measurements the large diameter at the tip suggests
limited subgingival access. The TPS probe (Vivadent) used in the present study has a rim surrounding the
side of the ball with a 0.5 mm diameter. The manufacturer claims that this aids in the detection of the
cemento-enamel junction (Mayfield et al. 1996). As the TPS probe, the spherical ball-like tip design of the
WHO probe might also provide a better tactility. In this study the TPS probe and also the CPITN probe
estimated the location of the CEJ on average more coronally. The conventional Merrit-B probe proved
to be the most accurate in assessing the actual position of CEJ. The same difference in accuracy is clear
in the deciduous teeth. Again the TPS probe and the CPITN probe positioned the CEJ more coronally
than the actual position. Based on the results in this study, we may conclude that probes tested in this
study with a specific design suggested to improve the tactility, do not lead to more accurate
measurements.
It can be speculated that, due the enamel surface texture close to the CEJ as described by
Schroeder et al. (1988), assessing the CEJ becomes difficult. The enamel of the permanent tooth
surface close to the CEJ appears either smooth or micro pitted, with perikymata running more or less
parallel to the CEJ. Along the latter, nodules and patches of irregular size and form occur as well
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(Schroeder et al. 1988). The higher tactility of the TPS probe and the CPITN probe may have been
suggestive to assess irregular surface texture to be the CEJ. The same phenomenon might be true for
the deciduous teeth. Together with the surface texture, the globosity (Ceppi et al. 2006) may have
induced more probing errors with the TPS probe and the CPITN probe.
Conclusions
The Merritt-B probe proved to provide the most accurate assessment of the subgingival location
of the CEJ relative to the gingival margin in both permanent and deciduous teeth. The intra-examiner
reproducibility was good in deciduous teeth with the Merrit-B probe. Inter-examiner reproducibility was
relatively poor in both permanent and deciduous teeth. Examiners assessing the CEJ should be trained
performing repeated measurements to increase reproducibility for valid recordings.
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Periodontal disease results in the breakdown of periodontal attachment. The most common method
to determine clinically the loss of periodontal attachment is measuring the depth of the periodontal
lesion. Since the introduction by G.V. Black in 1915 of a periodontal probe with mm markings (Black
1915), it is still generally accepted that periodontal probing is one of the most useful diagnostic
parameters to determine the presence and severity of periodontal lesions. Ideally the periodontal
probe should measure the whole subgingival lesion, i.e. the distance from the edge of the gingival to
the apical end of the junctional epithelium. Due to lack of accuracy and reproducibility of the
measurements caused by variables which influence the location of the tip of a probe during
measurement, the meaning and value of probing measurements have been criticized in the last 20
years (Listgarten 1980). Many studies have identified important factors which play a role in
periodontal probing. The most important parameters are probing force periodontal health. The
influence of these two parameters have been widely studied (Robinson et al. 1979, Van der Velden et
al. 1980, Garnick et al. 1980, Polson et al. 1980, Hancock et al. 1981, Fowler et al. 1982, Garnick et al.
1989, Mombelli et al. 1992). Other variables which influence the probing measurements are probe
positioning (Watts 1989), examiner variability (Abbas et al. 1982) and recording errors. These latter
flaws can be prevented by training of the examiner(s) combined with the use of direct data entry
(Gibbs et al. 1988). Only recently the tine shape of the periodontal probe has been evaluated.
Atassi et al. (1992) used two different probe tines (parallel and tapered) mounted in a
Brodontic probe handle, set at a probing force of 0.25 N. Their results suggested that the tine shape of
the periodontal probe may be important. When a difference in probing depth measurement occurred,
a parallel-sided tine recorded a deeper reading than a tapered tine (Atassi et al.1992). However no
statistical significant differences were found. One other tine shape is that of the WHO-probe. The tine
of this probe has a ball-like tip followed by a shaft with a smaller diameter than the ball-like tip. The
WHO-probe has been used to measure probing depth and to assess periodontal bleeding tendency in
epidemiological studies (Ainamo et al. 1982). Some constant force probes are equipped with a ball-like
tip, for example the “Probe with automated CEJ detection” (Jeffcoat et al. 1986) and the “Toronto
Probe” (McCulloch et al. 1987). The purpose of the present study was to evaluate the influence of the
tine shape of 3 different periodontal probes (parallel-sided, tapered, WHO) at 2 different probing
forces (0.25 N and 0.50 N), on the measured probing depth in patients who recently received oral
hygiene instruction and full mouth supra- and subgingival debridement.

67

CHAPTER 4

Material and Methods
Probe tines
3 tines (Ash Dentsply, Weybridge, Surrey, England) with markings at every whole mm up to 10 mm and
a tip diameter of 0.5 mm were used: (1) a parallel-sided tine with a diameter of 0.5 mm at the 5 mm
and 10 mm marking; (2) a tapered tine with a diameter of 0.6 mm at the 5 mm and 0.7 mm at the 10
mm marking; (3) a WHO tine with a ball-like tip attached to a tapered shaft with a diameter just behind
the ball of 0.35 mm, increasing at the 5 mm marking to 0.5 mm and on the 10 mm marking to 0.7 mm
(fig 1). The 1 and 2 mm marking at the WHO tine were missing due to the small diameter just behind
the ball-line tip of this tine. The tines were mounted in hinged handles exerting a constant force
(Brodontic, Prima, Byfleet, England) which were adjusted either to 0.25 N or to 0.5 N (probing
pressures 127 N/cm2 respectively).

Fig. 1. Schematic drawings on scale of three
different tine shapes which were mounted
in Brodontic® handles and used for probing
depth measurements.
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Patients
A total of 12 patients, with a mean age of 44 years (range 27-66), with moderate to advanced
periodontitis, as diagnosed on the basis of probing depth measurements and radiographs, were asked
to participate in this study. A minimum of 4 teeth per quadrant was required. All patients had received
a basic periodontal therapy consisting of instruction in plaque control measures and supra-/subgingival
debridement, 4 weeks after finishing this periodontal therapy the patients were enrolled in the
present study.
Probing depth measurements
For the purpose of this study, recordings were made with all six possible time/force combinations
(three tines and two forces) at all interproximal surfaces from the buccal aspect as well as midbuccal
and midlingual, of all teeth present (third molars excluded). Measurements were performed in 3
sessions with a 1-week interval. The 6 tine/force combinations were distributed over the patients and
sessions in such a way that, at a given site, comparisons could be made between either the same force
with different tines or different forces with the same tine. Per session 2 tine/force combinations were
used and a repeated probing with each tine/force combination was performed with an interval of 15
min. A given tine/force combination was used in either the first and third quadrant or in the second
and fourth quadrant. The order of the use of tine/force combinations was randomized over the
patients and sessions. The probes were always inserted parallel to the root surface and the probe was
directed apically toward the perceived location of the apex of the root. When the preset force was
reached the probing depth was recorded to the nearest whole mm.
Data analysis
Differences in probing depths for each tine shape and probing force combination within each site were
averaged per patient. Patient mean differences were analysed by use of the one sample Wilcoxon test
for symmetry. Most often 8 patients contributed data for comparisons, while some comparisons were
made on data from 4 subjects. P-values of <0.05 were accepted as statistically significant. The
reproducibility of the repeated probing depth measurements was described with the weighted
Cohen’s Kappa (k) for reliability (Cohen 1960). Systematic differences between sessions were tested
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using the McNemar test. The k statistic indicates the extent to which the actual degree of agreement
improves upon chance. It is suggested by Landis & Koch (1977) that a score >0.4 indicates moderate
agreement, >0.6 substantial agreement and >0.8 good agreement.
Results
Reproducibility of measurements
Table 1 shows an overview of the repeated measurements. The number of sites measured per
tine/force combination varied from 597 to 621 sites. The majority (> 99 %) of all repeated
measurements were within 1 mm of the initial values. The k values ranged from 0.72 for the parallelsided tine with 0.5 N, to 0.79 for the WHO tine using 0.5 N. If shallow probing depths (< 3 mm) as
assessed by the first measurement, were not included in the analysis, the majority of the disagreement
disappears and k values of >0.8 were calculated (data not shown). No significant differences between
the means of the first and second measurements were found, although mean values of the second
measurement tended to be marginally higher.

Table 1. Mean probing depth (mm) and standard deviations (SD) of repeated measurements within the
same session with a 15 min interval, with (κ) values for reliability; distribution of sites among three
subgroups of sites, based on the first measurement.

No. of sites at 1st
measurement

Mean probing depth (mm) ± SD
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n

1st
measurement

2nd
measurement

κ

≤3
mm

4-5
mm

≥6
mm

0.25 N
Parallel-sided
Tapered
WHO

605
617
601

2.4±1.2
2.4±1.2
2.7±1.2

2.5±1.2
2.4±1.1
2.7±1.2

0.74
0.75
0.76

514
523
491

80
76
91

10
9
18

0.50 N
Parallel-sided
Tapered
WHO

621
597
613

2.7±1.3
2.5±1.3
2.9±1.5

2.8±1.3
2.6±1.3
2.9±1.5

0.72
0.79
0.79

497
468
435

112
109
151

12
20
27
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2

Comparisons at 0.25 n (127 N/cm ) (Table 2)
Parallel versus tapered. The parallel-sided tine used with a probing force of 0.25 N, measured
significantly deeper compared to the tapered tine (mean difference 0.22 mm, Table 2). In Fig. 2A the
distribution of the differences is presented. It can be seen that 67 % of the compared sites showed no
difference. However the parallel-sided tine measured deeper probing depths (up to 3 mm) in 23.5 %
and shallower in 9.5% of the cases. When the sites were grouped according to their region in the
dental arch, it was observed that sites in the different regions on average were deeper with the
parallel-sided tine than with the tapered tine (Table 2).
WHO versus parallel. The WHO tine showed slightly deeper mean probing depths compared to the
parallel-sided at 0.25 N (2.5 mm versus 2.4 mm respectively). This resulted in a mean difference of
0.12 mm, but no statistical significant difference was observed (Table 2). In this comparison, 61 % of
the probing depth measurements did not differ, while 24 % of the sites showed deeper readings of up
to 4 mm using the WHO tine compared to the parallel-sided tine (Fig 2B). In the remaining 15.5 % of
the sites, the parallel-sided tine recorded deeper probing depths. When the sites were grouped
according to their region in the dental arch, we found that the measurements recorded for the WHO
tine were not significantly deeper (Table 2).
WHO versus tapered. This comparison showed the greatest mean difference between 2 probing
procedures at 0.25 N: we calculated a mean difference of 0.38 mm over all sites (Table 2). The
distribution of the differences showed no difference in 57 %, of the sites, but in 36 % of the sites the
use of the WHO tine resulted in a deeper probing depth (Fig 2C). Similar results were found when the
sites were grouped according to their region in the dental arch (Table 2).

71

CHAPTER 4

Table 2. Mean differences (mm) per comparison ± standard deviations, calculated on n patient mean differences
2
per site, obtained with a parallel-sides, tapered or WHO tine at 0.25 N probing force (127 N/cm ), for all sites and
for subgroups of sites.

Comparison (n=8)
parallel-sided minus
tapered
0.22±0.25*

Comparison (n=8)
WHO minus parallelsided
0.12±0.25

Comparison (n=4)
WHO minus
tapered
0.38±0.27*

Anteriora)
Posteriorb)

0.17±0.21*
0.27±0.27*

0.09±0.19
0.08±0.35

0.50±0.24*
0.41±0.17*

Interproximal
Ant. Interproxa)
Post. Interproxb)

0.27±0.38*
0.26±0.36*
0.27±0.43*

0.10±0.35
0.17±0.36
0.13±0.42

0.67±0.40*
0.78±0.44*
0.53±0.33*

All sites

* p<0.05
a)
This includes incisors and cuspids.
b)
This includes premolars and molars.

Fig. 2. Frequencies of whole mm differences in probing depth measurements in the same sites at 0.25 N; A:
values for parallel minus tapered; B: values for WHO minus parallel; C: values for WHO minus tapered.

Comparisons at 0.5 N (255 N/cm2) (Table 3)
Parallel versus tapered. The results showed that the parallel-sided tine recorded deeper readings than
the tapered which resulted in a mean difference of 0.17 mm (Table 3). In 67 % of the comparisons,
there was no difference; in 22.5 % the parallel-sided tine and in 10.5 % the tapered tine recorded a 1
or 2 mm deeper probing depth (Fig 3A). However the difference between the parallel-sided and
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tapered tine were less pronounced than with 0.25 N. When sites were grouped to their position in the
dental arch, it was found that in the anterior and anterior interproximal regions no difference could be
determined between the parallel-sided tine and the tapered tine (Table 3).
WHO versus parallel. Mean differences in probing measurements between the WHO and the parallelsided tine (0.17 mm) were significant (Table 3). In 55 % of the comparisons, the measurements did not
differ: however, the WHO recorded in 31 % a deeper probing depth. The parallel-sided tine surpassed
the WHO in 15 % of the sites (Fig 3B). In all subgroups of sites, deeper probing depths were recorded
with use of the WHO tine resulting in significant mean differences (Table 3).
WHO versus tapered. Finally, the mean difference between the WHO tine and the tapered tine was
significant (Table 3). In 30 % of the sites the WHO penetrated > 1 mm deeper and in 11 % of the
comparisons the tapered tine assessed a deeper site (Fig 3C). Again in all subgroups of sites significant
deeper probing depths were recorded with use of the WHO tine (Table 3). As seen in the comparison
between parallel-sided and tapered, the values for mean differences between the WHO and tapered
tine at 0.5 N was less pronounced than at 0.25 N.

Table 3. Mean differences (mm) per comparison ± standard deviations, calculated on n patient mean differences
2
per site, obtained with a parallel-sides, tapered or WHO tine at 0.5 N probing force (255 N/cm ), for all sites and for
subgroups of sites.

Sites
All sites

Comparison (n=4)
parallel-sided minus
tapered
0.22±0.25*

Comparison (n=8)
WHO minus
parallel-sided
0.17±0.16*

Comparison (n=8)
WHO minus
tapered
0.20±0.19*

Anteriora)
Posteriorb)

- 0.01±0.25*
0.25±0.18*

0.23±0.22**
0.15±0.16*

0.18±0.21*
0.24±0.23*

Interproximal
Ant. Interproxa)
Post. Interproxb)

0.22±0.20*
0.01±0.38*
0.31±0.21*

0.25±0.23**
0.32±0.33*
0.19±0.20*

0.32±0.26*
0.34±0.26**
0.33±0.36*

** p<0.05
** p<0.01
a)
This includes incisors and cuspids.
b)
This includes premolars and molars
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Fig. 3. Frequencies of whole mm differences in probing depth measurements in the same sites at 0.5 N; A:
values for parallel minus tapered; B: values for WHO minus parallel; C: values for WHO minus tapered.

Comparisons of two probing forces (Table 4)
For all three tines, it was evident that a higher probing force resulted overall in deeper measurements
(Table 4).

Table 4. Mean differences (mm) per comparison ± standard deviations, calculated on n patient mean differences
2
per site, obtained with a parallel-sides, tapered or WHO tine at 0.25 N probing force (127 N/cm ) and at 0.5 N
2
probing force (255 N/cm ), for all sites and for subgroups of sites.

Parallel-sided (n=4)
0.5 N minus 0.25 N
0.32±0.32*

Tapered (n=8)
0.5 N minus 0.25 N
0.34±0.17*

WHO (n=4)
0.5 N minus 0.25 N
0.39±0.24*

Anteriora)
Posteriorb)

0.28±0.29*
0.37±0.34*

0.31±0.17**
0.35±0.32**

0.43±0.38*
0.40±0.22*

Interproximal
Ant. Interproxa)
Post. Interproxb)

0.41±0.45*
0.35±0.34*
0.50±0.49*

0.36±0.31*
0.41±0.35*
0.32±0.33*

0.36±0.29*
0.44±0.49*
0.24±0.19*

Sites
All sites

* p<0.05
** p<0.01
a)
This includes incisors and cuspids.
b)
This includes premolars and molars.
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Discussion
An abundance of clinical investigating variables associated with periodontal probing, are available in
the literature. Many of these investigators have established the importance of probing force (for
example, see references Hassel et al. ( 1973); Van der Velden (1979); Mombelli et al. (1992)) and the
condition of the periodontal tissues (van der Velden et al. (1980); Garnick et al. (1980); Polson et al.
(1980); Hancock et al.( 1981); Fowler et al.( 1982)). However, so far little attention has been payed to
the actual shape of the tine in such studies. Although two studies have mentioned the influence of tine
shape on the penetration into the periodontal lesion (Van der Velden 1980; Garnick et al. 1980) this
parameter was not investigated. The results from a recent study by Atassi et al. (1992) suggest that
tine shape may be of importance. But in the latter study no significant differences were observed
between the parallel-sided and tapered tines. In contrast in de present study we did observe
differences in clinical probing measurements between these tines. The difference in results between
our study and the one from Atassi et al. (1992) may be related to the difference in periodontal
condition of the tissues. Atassi and co-workers measured sites in patients who had received oral
hygiene instructions and subgingival debridement. In our study the patients had received the same
kind of treatment plus subgingival debridement. In our patients the results clearly show that in
addition to the probing force, the shape of the probe tine is a factor that influences the recorded
probing depth.
The results of the present study seem to indicate that the WHO tine can measure deeper
than the other two tines. Both at 127 N/cm2 and 255 N/cm2 probing pressure. We speculate that the
characteristic shape of the WHO tine generates the least tissue resistance during probing which results
in a more apical position in the periodontal lesion compared to the other two tine shapes. A possible
explanation for this phenomenon can be found in the specific shape of the tine which may lead to the
evasion of the adhesive strength of the periodontal tissues. When a periodontal probe is inserted into
the periodontal lesion the soft tissue is pushed aside consuming a certain amount of energy. The
tapered tine has to prolong this push because its diameter increases as it enters the lesion and has to
withstand the resistance caused by the formentioned adhesive strength. Immediately after insertion
the periodontal tissues adhering to the tine cause resistance which increase as the tine penetrates
further into the lesion. The basis for this theoretical background can be found in de field of the ground
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mechanics. Before construction work can be started, calculations are made for the adhesive strength
of piles, based on the kind of soil in which they are placed (Terzaghi et al. 1967). The adhesive strength
is formulated by: (1) the surrounding types of soil, i.e. the periodontal tissues (healthy or inflamed); (2)
the perimeter of the pile, i.e. probe tine; (3) the length of the pile to which it has penetrated into the
soil, i.e. the tine length which has entered the periodontal lesion. In the case of the WHO tine we
hypothesize that the adhesion to the sudden decrease of diameter just behind the ball-like tip.
Therefore the same energy or force applied to all three probe tines may result in a deeper subgingival
position for the WHO-tine where less energy is consumed by adhesion of tissues. We speculate that
especially in shallow and moderately deep sites the WHO tine looses less energy through adhesive
strength since the apparent favourable design is located up to the 5 mm marking. Due to the tapered
design of the shaft of the WHO tine the diameter of this probe increase over the diameter of the
parallel-sided tine after the 5 mm marking (fig 1). Therefore we feel it is currently unclear whether the
WHO tine will yield comparable results in periodontal lesions >5 mm. This question could not be
addressed in our study since the present material consisted of a large proportion of relatively shallow
sites although the patients were selected on the basis of moderately to advanced periodontitis. The
proportion of shallow moderately deep and deep sites before therapy was comparable to Badersten et
al (1981). The basic periodontal treatment as provided to these patients resulted in gingival recession
and probing depth reduction (data not shown) comparable to previous described results (Badersten et
al. 1981. Claffey et al 1991).
In the literature different probing pressures (e.g. probing force per area) have been reported
to reach the histological bottom of a periodontal lesion (Garnick et al. (1980); Polsen et al. (1980); Van
der Velden et al. (1980)). According to the above mentioned hypothesis these apparent discrepancies
in earlier studies may be explained by the tine shape. For example Garnick et al. (1980) and Polson et
al. (1980) applied probing forces of 286 and 260 N/cm2 respectively on a tapered tine to reach the
histological bottom of the lesion. The parallel-sided tine from Van der Velden et al. (1980) needed only
240 N/ cm2 to reach the same histological position. Although it is hard to compare these three studies
it seems that they form additional evidence that tine shape is a factor that plays a role in periodontal
probing.
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We conclude from the current study that the tine shape of the periodontal probe is an
additional parameter which does influence probing depth. It is conceivable that accurate probing
depth measurements could be obtained using the WHO tine with a lower probing pressure than has
been suggested in the past. The lower probing force also may lead to a less painful experience for the
examined patient.
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The most widely used tool for the clinical diagnosis of periodontitis is the periodontal probe. In
general, three characteristics are evaluated, i.e., pocket depth, bleeding on probing and attachment
level. The latter is by far the most important parameter, but also the most difficult to evaluate. The
cemento-enamel junction may be difficult to locate, due to caries, restorations and abrasions. A
solution which is often chosen to overcome the problems associated with the assessment of the
cemento-enamel junction is the use of a splint as a reference point. Furthermore, the location of the
attachment level is difficult to assess due to inflammation of the periodontal tissues at the bottom of
the pockets and the accessibility of that area to the probe. During recent decades, several studies have
investigated the relationship between inflammation and periodontal probing. In general the results
suggest that when the periodontal tissues are healthy, the probe tip remains coronal to the
attachment level. In contrast, when inflammation is present at the bottom of the pocket, the probe tip
is located apically to the attachment level (Listgarten et al. 1976, Armitage et al. 1977, Garnick et al.
1980, Hancock & Wirthlin 1981, Fowler et al. 1982). In order to improve the assessment of the location
of the attachment level, research is focused on factors such as probing force and the flexibility and
shape of the probe tine. With regard to probing force, it was shown that with increasing forces the
probing depth increases as well. (Robinson & Vitek 1978. Van der Velden & De Vries 1978. Barendregt
et al. 1996). This implies that with increasing forces the location of the probe tip may change from a
coronal to an apical position relative to the true attachment level. Concerning the flexibility of the
probe tine Schmid (1967) introduced a plastic periodontal probe. The Plasto-probe. However, no
additional advantages over a normal metal probe were found (Sanderink et al 1983). The influence of
the shape of the probe time was studied by Atassi et al. (1991) and Barendregt et al. (1996). The first
study suggested deeper probing measurements using the parallel tine, compared to the tapered tine.
The latter paper reported significantly deeper recordings of probing depths with the WHO (ball-ended)
tine compared to the parallel and tapered sided tines. However, in these two above mentioned
studies, the probing depth was evaluated in (relatively) healthy sites. Furthermore, no attempt was
made to evaluate the relationship between the location of the probe tip and the true attachment level
in the inflamed situation. Therefore, the purpose of the present study was to investigate in untreated
periodontitis the influence of tine shape and probing force on probe penetration in relation to the
attachment level as determined microscopically.
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Material and Methods
Subjects
A total of 22 patients (16 male and 6 female: mean age 54.5 years) volunteered to participate in this
study. The selected patients had teeth which were scheduled for extraction in order to provide an
immediate (complete) denture. The criteria for patient selection: untreated severe periodontitis
characterised by moderate to deep pocketing in conjunction with severe attachment loss in at least
one of the teeth to be extracted.

Fig. 1. Florida Probe® handles mounted with
three custom made probe tines: upper: tapered
tine; middle: parallel tine; lower: ball-ended tine
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Probe tines and forces
Three custom made, probe times (Sparnaay, Amsterdam, The Netherlands) were used: (1) a tapered
tine, increasing in diameter from 0.5mm at the tip 0.7mm at the 7mm marking and 0.8mm at the
10mm marking: (2) a parallel time of 0.5mm diameter; (3) a ball-ended tine; ball diameter 0.5mm with
a parallel shaft of 0.3mm (Fig.1). The probe tines were mounted in a Florida Probe® hand-piece
(Florida Probe Company, Gainesville, Florida. USA) which was modified (Sparnaay), so that the exerting
force could be adjusted to either 0.10N, 0.15N, 0.20N or 0.25N probing force (probing pressure: 51
2

2

2

2

N/cm , 76 N/cm , 102 N/cm , 127 N/ cm , respectively. In addition a manual conventional probe
(Williams, Hu-Friedy, USA) was used. This is a tapered probe with the same probe tip dimensions as
mentioned above for the tapered probe tine.

Clinical procedures
After local infiltration anaesthesia in the buccal and lingual fold, reference marks, parallel to the long
axis of the experimental teeth were cut with a cylindrical burr (Fg 112 010, Horico, Berlin, Germany).
The burr had the same diameter as the sleeve of the Florida Probe® handpiece, so that the reference
marks facilitated reproducible placement of the handpiece and thus optimal measurements. The
marks were made mesial and distal of each tooth in the majority of teeth both from the buccal and the
lingual aspect, so that the most apical point of the reference mark was located at the gingival margin
(Fig. 2). Probe penetration measurements (PPM) were recorded though the hardware and software of
the Florida Probe® system to 0.1mm precision. During this procedure, the edge of the sleeve of the
probe was located at the bottom of the reference marks. At each probing site increasing forces of 0.10
N, 0.15 N, 0.20 N and 0.25 were used. The sites were randomly allocated for each probe tine. Each site
was probed with only one probe tine. During the probing, the examiner (HMB) was blind for all the
recorded measurements due to direct collection of the data into the computer. After all force
controlled measurements were completed, the probe penetration was assessed again at the reference
marks, using a Williams probe. These assessments were recorded to the nearest whole mm. Following
the manual probing procedure, an estimation of the amount of force was made by repeating the
probing procedure on an electronic balance with digital readout. Finally the experimental teeth were
extracted for further analysis.
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Fig. 2. Example of measurements on one of the extracted
experimental teeth. Indicated in the figure is the landmark
and the microscopic attachment level. The distance
between these two landmarks was measured to determine
microscopic attachment loss.

Microscopic assessments
Immediately after extraction, the teeth were rinsed with running tap water and cleaned with an
electric toothbrush (Braun/Oral B. Plak Control), in order to remove blood, plaque and epithelial cell
remnants. After cleaning, the teeth were stained with mercury bromophenol blue (Mazia et al. 1953).
The location of the most coronal connective tissue fibers was determined by using a stereomicroscope
at x80 magnification. Microscopic attachment level measurements (MAL) were made up to 0.1mm
precision with the parallel tine mounted in a Florida Probe handpiece. During this procedure the edge
of the sleeve of the probe was located at the bottom of the reference mark, whereas the top of the
tine was fixed at the microscopic attachment level. The measurements were again made through the
software of the Florida Probe® system. In addition the amount of recession was established by
determining the distance between the cemento-enamel junction and the bottom of the reference
mark, using the Florida Probe®, up to 0.1mm.
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Data analysis
The differences between the probe penetration measurements (PPM) of each probe tine at each force
level and the microscopic attachment level measurements (MAL) were calculated. A mixed models
analysis (BMDP 3V) was carried out to determine disturbing influences of between-patient differences.
Adjusted means and 95% CFI of differences between PPM and MAL were computed using covariance
matrices of the analysis. To determine differences between probe tines, post testing was performed
using a Student t-test for 2 independent samples. p- values ‹00.5 were accepted as statistically
significant.

Results
The material consisted of 128 extracted teeth with a total of 429 evaluable sites. The mean distance
from the cemento-enamel junction to the bottom of the reference mark, i.e. gingival recession
amounted to 1.92mm (SD=1.61). The attachment level as assessed microscopically was 3.22 mm
(SD=1.70) apical from the reference mark. When using the Williams probe, the mean value of the
probe penetration was 4.00mm (SD=1.86). The exerted manual probing force amounted to, on
average, 0.45 N (probing pressure: 229N cm2).
Table 1. Mean values, mm ±standard deviations of probe penetration measurements (PPM) and the
microscopically assessed attachment level (MAL) in 3 groups of randomly assigned sites evaluated with a tapered,
parallel and ball-ended probe.

microscopic
assessment (MAL)
Williams probe (PPM)
Force controlled
probe (PPM):
0.10 N
0.15 N
0.20 N
0.25 N

Tapered probe sites
(n=135)
3.24±1.71
4.04±1.96

Parallel probe sites
(n=145)
3.10±1.55
3.96±1.71

Ball-ended probe sites
(n=149)
3.31±1.82
4.01±1.93

Tapered probe tine
2.80±1.88
2.83±1.81
3.11±2.00
3.14±2.88

Parallel probe tine
4.06±1.81
4.27±1.76
4.41±1.79
4.48±1.80

Ball-ended probe tine
4.04±2.00
4.06±2.01
4.26±2.05
4.37±1.99
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Comparisons clinical force controlled measurements and microscopic measurements and
microscopic assessments
Tapered probe tine
The results showed that the mean value of the microscopically assessed attachment level (MAL) for
the sites measured with the tapered probe tine was 3.24mm (Table 1). The mean values of the clinical
force controlled probe penetration measurements (PPM) varied from 2.80mm at the 0.10N force level,
to 3.14mm at the 0.25 N force level (Table 1). At all force levels, the probe tip was, on the average,
located coronally to the microscopically assessed attachment level: mean difference between PPM and
MAL increased from -0.43mm at 0.10 N to -0.10mm at 0.25 N (Table 2). The mean values of the
measurements carried out with the Williams Probe at the same sites was 4.04mm (Table 1). This
means that the probe tip was located 0.81mm apically from the microscopic attachment level (Table
2). In Table 3, the statistically determined adjusted means and the confidence intervals of the
differences between PPM an MAL, corrected for the patient effect are presented. These data show
that at the force level of 0.10 N the tapered probe tine was significantly different (more coronal) from
the MAL, while at force levels of 0.15,.0.20 and 0.25 N the tapered tine measurements did not deviate
from the microscopic assessments. This indicates that clinical probe penetration measurements
obtained with 0.15, 0.20 and 0.25 N force represent best the true attachment level.

Parallel probe tine
The mean value of the microscopically assessed attachment level for the sites measured with the
parallel probe tine was 3.10mm. The mean values of the force controlled measurements varied from
4.06mm at 0.10 N to 4.48mm at 0.25 N (Table 1). At all force levels the probe tip was located apically
to the microscopically assessed attachment level: the mean difference (PPM-MAL) increased from
0.96mm at 0.10N to 1.38mm at 0.25 N (Table 2). The mean value of the measurements obtained with
the Williams probe at the same sites was 3.96mm (Table 1). Comparison with the microscopic
measurements showed that on the average the probe tip was located 0.86mm apical to the
attachment level (Table 2). The mixed model analysis showed that all measurements performed were
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significantly different from the microscopically assessed attachment level (Table 3). The tip of the ballended probe time ended at all force levels beyond the MAL.

Ball-ended probe tine
The mean value of the microscopically assessed attachment level for the sites measured with the ballended probe tine was 3.31 mm (Table 1). The values of the measurements increased from 4.04 mm at
0.10 N to 4.37 mm at 0.25 N. At all force levels, the probe tip was located apically to the
microscopically assessed attachment level: mean difference (PPM-MAL) increased from 0.73 mm to
1.06 (Table 2). The mean value of the measurements carried out with the Williams probe at the same
sites, was 4.01 mm (Table 1). This implies that with manual probing, the probe tip was located 0.74
mm apically to the microscopically assessed attachment level (Table 2).
The mixed model analysis showed that all measurements performed were significantly different from
the microscopically assessed attachment level (Table 3), the tip of the ball-ended probe tine ended at
all force levels beyond the MAL.
Table 2. Mean differences, mm ±standard deviations, between the clinical probe penetration (PPM) and the
microscopically assessed attachment level (MAL); a negative value indicates that with the clinical measurement,
the tip of the probe is located coronally to the microscopically assessed attachment level.

Mean difference (PPM-MAL)
Parallel probe sites
Ball-ended probe sites
(n=145)
(n=149)
0.86±1.39
0.74±1.86

Williams probe

Tapered probe sites
(n=135)
0.81±1.21

Force controlled
probe:

Tapered probe tine

Parallel probe tine

Ball-ended probe tine

-0.43±1.56
-0.40±1.39
-0.12±1.40
-0.10±1.44

0.96±1.46
1.17±1.50
1.31±1.50
1.38±1.49

0.73±1.44
0.75±1.37
0.95±1.36
1.06±1.25

0.10 N
0.15 N
0.20 N
0.25 N
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Comparison between probes
The statistical analysis (Table 3) indicate that at each force level, the differences between the tapered
probe tine and the parallel probe tine as well as between the tapered- and ball-ended probe tine were
significant. In other words, the parallel probe tine measured always deeper than the tapered tine at all
force levels. Similarly, the ball-ended tine measured deeper than the tapered tine. The differences
between the parallel-and ball-ended probe were significant at the force levels of 0.20 and 0.25 N.
Table 3. Means and 95% confidence intervals of differences between the probe penetration measurements (PPM)
and the microscopically assessed attachment level (MAL) adjusted for the patient effects; a negative value indicates
that with the clinical measurement, the tip of the probe is located coronally to the microscopically assessed
attachment level

Adjusted means (PPM-MAL)
Parallel probe sites
(n=145)

Tapered probe sites
(n=135)
Force
controlled
probe:

Tapered probe tine

Parallel probe tine
a,b,c

0.10 N

-0.363 (-0.706, -0.020)

0.15 N

-0.256 (-0.597, 0.085)b,c

0.20 N

0.136 (-0.203, 0.475)

b,c

0.25 N

0.262 (-0.077, 0.601)b,c

Ball-ended probe sites
(n=149)
Ball-ended probe tine

0.719 (0.376, 1.062)

a

0.842 (0.499, 1.185)a

1.045 (0.693, 1.397)

a

1.085 (0.731, 1.439)a

a,d

0.704 (0.388, 1.092)a

1.402 (1.061, 1.743)a,d

0.817 (0.465, 1.169)a

1.404 (1.063, 1.754)

a

PPM significantly different from MAL (p<0.05)
Tapered probe tine significantly different from parallel probe tine (p<0.05)
c
Tapered probe tine significantly different from ball probe tine (p<0.05)
d
Parallel probe tine significantly different from ball probe tine (p<0.05)
b

Discussion
To investigate the influence of tine shape on probing depth measurements, 3 tines were compared: (1)
a tapered tine, which is the most widely used tine, (2) a parallel tine, which was used for the first time
by Van der Velden (1979) and (3) a ball-ended tine with a parallel shaft. This latter tine is a
modification by Jeffcoat et al (1986) from the original WHO probe introduced by Emslie (1980). All
tines compared in the present study had the same diameter at the tip (0.5mm). The data analysis
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showed that the mean manual probe penetration measured from the reference mark, was 4.00mm
and the mean recession amounted to 1.92mm. This average value of almost 6mm of loss of connective
tissue attachment as determined clinically by means of probing illustrates the extent of disease in the
present study population. Below follows a discussion of results separately per tine.
Tapered probe tine
The majority of studies evaluate the importance of probing based on data obtained with tapered
probes. Frequently studied parameters are probing force, bleeding on probing and pocket depth. It has
been shown that the probing force may vary greatly between examiners (0.20 N to 1.30 N; Hassel et al.
1973). Therefore the results of manual probing, with a tapered probe without force control, show vast
differences between examiners. For example, Listgarten al (1976) showed that with routine clinical
probing of untreated periodontal pockets, the probe tip may penetrate the coronal level of the
connective tissue. In the present study, the use of a tapered manual probe without force control
resulted in a probe tip position of on average 0.8 mm apical to the true attachment level. This is in
contrast to the force controlled results where the tapered probe tip was located coronally to the true
attachment level. Most likely the higher probing force is responsible for this difference: manual
2

probing resulted in, on average, 0.45 N of force (229 N/cm probing pressure), while the force
2

2

controlled probing varied from 0.10-0.25 N (probing pressure from 51 N/cm to 127 N/cm ). The
influence of probing force on the location of tapered probe tips has been the subject of a number of
studies in animals and humans. In general, the animal studies included extremely shallow pockets,
possibly due to the experimental procedures (Armitage et al. 1977, Hancock & Wirthlin 1981, van der
Velden & Jansen 1981, Jansen et al. 1981, Andersen et al. 1981). The results of these studies seem to
suggest that in “severe periodontitis”, the probe tip will be located apical to the attachment level.
In studies in man, including deep pockets, Fowler et al, (1982) showed that in untreated
teeth the tapered probe tip is located 0.45 mm apical and in treated teeth 0.73 mm coronal to the true
attachment level, when using a probing force of 0.50 N (398 N/cm

2

probing pressure). Comparable

results were found by Robinson and Vitek (1979). In contrast, Garnick et al, (1980) found no
differences on probe tip location between treated and untreated teeth: when using 0.20 N probing
2

force (286 N/cm probing pressure), the tapered probe tip was, in both conditions, on the average
located at the true attachment level. The results of the present study support the concept that when

91

CHAPTER 5

using tapered probes, the probing pressure applied is an important variable. The pressures in the
present study are considerably lower than those in the studies cited above. This may explain why in
our experiments the tapered probe tip stopped coronally to or at the attachment level.
Parallel probe tine
A few studies evaluated the effects of a parallel instead of a tapered probe tine on the assessment of
the true attachment level. In only two animals studies parallel probes were used (van der Velden &
Jansen 1981, Garnick et al. 1989). Both studies used a range of probing forces from light, <0.17 N (48
2

2

N/cm probing pressure), to high >0.75 N (256 N/cm probing pressure), and both found that the
probe displacement from the gingival margin increased with inflammation. However, this result was
not statistically significant in the study of Garnick et al. (1989). Furthermore, both studies showed that
the force required to reach the attachment level amounted to over 0.45 N (160 N/cm2 probing
pressure). Unfortunately, as in the animal studies on tapered probes, the material included only
shallow pockets. Therefore, the results of these studies are difficult to compare to the present results
in patients with deep pocketing. In studies in man, the probing force required to reach the attachment
level varied between 0.30 N (126 N/cm2 probing pressure) Aquero et al. 1995) and 0.75 N (240 N/cm2
probing pressure) (van der Velden, 1979). These values are in contrast to the present data, showing
2

that already with a probing force of 0.10 N (51 N/cm pressure) the parallel probe tip was located
apically to the attachment level. Most likely a difference in the degree of inflammation of the
periodontal tissues is responsible for the discrepancies. In the present study only patients with
untreated periodontitis were included, whereas in the study of van der Velden (1979) the teeth were
extracted after initial periodontal therapy, Furthermore, in a subsequent analysis of the same material
(van der Velden 1982), it was found that in bleeding pockets the tip of the probe was located apically
to the attachment level, whereas in non-bleeding sites the probe ended at the attachment level.
Aquero et al. (1995) identified 3 groups with different degrees of inflammation. Their data suggest that
in deep inflamed pockets, the probe tip is located apically to the attachment level. However, due to
the small sample size this trend failed to reach the level of statistical significance. The assumption that
the degree of inflammation is an important factor in relation to the location of the probe tip, was
recently again confirmed by Ahmed et al. (1996). When using a parallel probe with a probing force of
0.20 N (160 N/cm2 probing pressure) at molar sites, the tip was positioned 0.45 mm apically to the true
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attachment level. In non-molar sites the probe tip was located at the attachment level. Most likely this
discrepancy was caused by a difference in degree of inflammation.
Ball-ended probe tine
As far as we know no previous studies have been carried out which evaluated the influence of probing
force on the assessment of the true attachment level when using a ball-ended probe, either with a
parallel shaft or a tapered shaft (WHO probe).
Probe tine, probing force and pocket depth
In the present study 3 probe tines and 4 levels of probing force were used. It can be argued that the
probe penetration values are not only the result of the employed tine shape and the exerted force, but
are also influenced by the repeated probing procedure. Repeated probing in relation to force can be
carried out in 3 different ways: (i) a high force followed by a lighter force; (ii) the same force
consecutively; (iii) a light force followed by a higher force. It has been shown that repeated probing
with the same amount of force may lead to a slight increase in probing depth e.g. 0.1 mm in some of
the cases in the study of Barendregt et al. (1996). In the present study all 4 probe penetration
measurements had to be carried out consecutively before extraction. Increasing forces were used
assuming that the tissues apically to the first / previous probing are not disturbed. Nevertheless, a
slight influence of this way of repeated probing may have occurred. Therefore, the results of the
present study must be viewed in this perspective. The results in relation to probe tine indicate that the
shape of the probe tine is an important factor in periodontal probing. Two other papers reported on
the effect of tine shape on probing depth (Atassi et al, 1992, Barendregt et al, 1996). Atassi et al,
(1992) used a tapered and a parallel tine. No significant differences were found in their overall
material, but when a difference occurred, the parallel tine recorded the deeper measurements, as in
the present data. In general, the results of the study of Barendregt et al. (1996) indicated that the ballended WHO tine and the parallel tine recorded significantly deeper pocket depths compared to the
tapered tine. However, these two latter studies did not evaluate true attachment levels. Therefore, the
deeper probe readings of Barendregt et al. (1996) with the parallel and ball-ended WHO probe tines,
might have been probing beyond the true attachment level.
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Probing and treatment
As stated by Chamberlain et al. (1985), it is imperative to know and standardise the probing force for
evaluating the results following periodontal therapy. However, the results of the present study show
another important aspect of probing. When using the manual probe in untreated periodontitis the
probe tip was located on average 0.8 mm apically to the true attachment level. Therefore, if this
measurement is used to determine the depth to which a diseased pocket should be curetted, this will
lead to the removal of an amount of intact connective tissue attachment. This aspect becomes even
more important when one realises that the mean value of 0.8 mm is the result of measurements which
vary from 3.8 mm coronal to and 6.4 mm apical to the true attachment level. In the latter case, 6.4 mm
of connective tissue attachment will be removed due to curetting to the “bottom” of the pocket. It
seems likely that this may occur especially in more acute inflammatory conditions during
exacerbations of the disease process. The present data, obtained from deep inflamed periodontal
pockets showed that with the tapered probe, at the force levels of 0.15, 0.20 and 0.25 N (probing
pressure: 76 N/cm2 and 102 N/cm2 and 127 N/cm2, respectively), the tip of the probe was located at
the true attachment level. In order to evaluate the results of the periodontal treatment it is important
to use the same amount of probing force/pressure before and after therapy, since the level of healing
cannot be predicted. However after treatment the tonus of the gingival increases and therefore the
gingival will fit more tightly around the teeth (Beardmore 1963). As a consequence, when using the
same amount of probing forces/pressures, shallower probing depth will be recorded after treatment
(van der Velden 1980, Fowler et al. 1982, and Chamberlain et al. 1985). If too gentle probing
forces/pressures are applied one may run the risk that the probe tip will not enter the orifice of the
pocket. Therefore based on the results of the present study, the tapered probe with 0.25 N force (127
N/cm2 probing pressure), i.e. the highest force/pressure level at which the tapered probe tip was
located at the true attachment level seems most suitable for the evaluation of the periodontal
condition. However, one has to bear in mind that in a number of cases, an over- or under-estimation of
the true attachment level will still occur.
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Periodontal root debridement is a vitally important component of surgical and nonsurgical therapy.
The essential characteristic in the treatment of periodontitis is mechanical removal of subgingival
bacterial deposits and calculus (Badersten et al. 1981; Lindhe et al. 1984; Waerhaug 1978).
Traditionally this has been performed with manual instruments. Badersten et al. (1984) and Loos et al.
(1987) demonstrated in their clinical studies that root debridement with hand instruments, ultrasonic
and sonic scaler devices resulted in comparable clinical outcomes. In a review paper Drisko et al.
(2000) concluded that ultrasonic and sonic scalers can achieve similar results as hand instruments for
removing plaque, calculus and endotoxin. They also stated that due to the instrument width of the
ultrasonic scalers furcations may be more easily accessible as compared to hand instruments.
Adequate access for subgingival debridement becomes more difficult as the probing depth
increases (Caffesse et al. 1986; Dragoo 1992; Rateitschak-Pluss et al. 1992; Waerhaug 1978). Based on
a SEM study Rateitschak-Pluss, et al. (1992) concluded that with hand instruments in many cases the
base of a pocket will not be reached. In the past decades attempts have been made to facilitate
ultrasonic debridement with tips of similar dimensions as a periodontal probe (Clifford et al. 1999;
Dragoo 1992). Such ultrasonic inserts have been developed with the aim to safely improve subgingival
root surface debridement using inserts with a thinner profile and/or longer shank. Dragoo (1992)
reported that a modified and thinned ultrasonic insert might produce a greater depth of instrument
efficiency as compared to standard ultrasonic inserts and universal hand curettes. This suggestion was
supported by a study of Clifford et al. (1999) that compared standard P10 inserts (Dentsply) and a Slimline tips (Dentsply). The results showed a trend towards deeper penetration of the Slim-line tips in
deep pockets.
The degree of probe tip penetration is influenced by the presence of inflammation of the
periodontal tissues. Even with relatively high forces the probe tip usually fails to reach the connective
tissue attachment in healthy sites (Fowler et al. 1982) whereas already with minimal probing
pressures, the probe tip generally stops at the level of intact connective tissue fibers or beyond in deep
inflamed sites (Bulthuis et al. 1998). Consequently, when evaluating the penetration depth with
instruments intended for subgingival root-surface debridement, the level of periodontal health should
be taken into account.
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The aim of the study was to test whether a slim ultrasonic insert reaches a more apical position when
penetrating a periodontal pocket compared to the working blade of a conventional Gracey curette in
both untreated periodontitis and periodontal maintenance patients.

Material and Methods
Patients
Two groups of patients were selected for the study. One group consisted of 20 untreated periodontitis
patients and another of 15 periodontal maintenance patients. All patients had an initial diagnosis of
moderate to advanced periodontitis, on the basis of manual probing depth measurements and
radiographs.
The 15 periodontal maintenance patients had received initial periodontal therapy consisting
of instruction in plaque control measures, supra-/subgingival debridement and periodontal surgery
when needed. Following the active treatment they were enrolled in a 3 to 4 monthly maintenance
protocol during a period of at least 1 year. The patients were selected on the presence of at least one
site a pocket of ≥ 5mm in each quadrant (preferably premolars and molars). All eligible subjects were
given oral and written information about the purpose of the study. After screening for suitability, they
were requested to give their written informed consent to qualify for enrolment. The study was carried
out in accordance with the ethical guidelines of the “Declaration of Helsinki”.

Force controlled probe (Fig. 1)
For the reference probing pocket depth the Jonker Probe® (Jonkers Data, Staphorst, Netherlands) was
used. It has a tapered tine with a diameter at the tip of 0.5 mm increasing to 0.6 mm at the 5 mm and
0.7 mm at the 10 mm marking. The probing force of Jonker Probe was 0.30 N, achieving a probing
pressure of 153 N/cm² (Barendregt et al. 2006).

102

POCKET PENETRATION AND SUBGINGIVAL DEBRIDEMENT

Fig 1.From top to bottom 1) Gracey curette (Hu Friedy Gracey After Five
Vision curette), 2) EMS PS Ultrasonic tip and 3) Tip of the Jonker Probe®

Instruments used (Fig. 1)
a)

EMS PS Ultrasonic tip (EMS Company Geneva Switzerland); a slim perio tip (PS) was used.
This is a flat tapered tip with a width of 0.39 mm at the tip increasing to 0.66 mm at the 5
mm marking and 1.02 mm at the 10 mm. With help of a laser beam calibration markings
were made at 4, 6, 7, 8, 9, 10 mm.

b)

Gracey curette (Hu Friedy Gracey After Five Vision curette; Hu-Friedy, Chicago, USA); the
After 5 curette has a diameter of 0.7 mm at 1 mm (just above the working surface increasing
to 0.84 mm at the 5 mm marking an 1.21 mm at the 10 mm marking. The Vision curettes
already have markings made at 5 and 10 mm so additional markings were positioned at the
3, 6, 7, 8, 9 and 11 mm locations.

The accuracy of the calibration was verified with a magnifying glass with mm calibration marks.
Experimental sites
For this study a design was adapted from Barendregt et al. (2006). In each patient of the periodontitis
group and the maintenance group, 4 teeth (preferably premolars or molars) showing at least at one
site a pocket of ≥ 5mm, were included in the study based on pre-screening measurements with a
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conventional manual probe with Williams markings. These experimental teeth were equally
distributed between the arches and included shallow (<4mm), moderate (≥4 and <7mm) and deep
sites (≥7mm) (Table 1). At each experimental tooth 4 sites were selected which resulted in 320 sites in
the periodontitis group and in 240 evaluable sites for the maintenance group in this study. In order to
minimize the effect of bias as a result of intra-examiner reproducibility, 2 experienced clinicians
performed the measurements in both parts of this study. Each examiner was unaware of the probing
pocket depth at screening.
Clinical procedures
First, using the Jonker Probe, the probing pocket depth recordings were made at the distobuccal (DB),
mesiobuccal (MB), distolingual (DL) and mesiolingual (ML) sites at the 4 experimental teeth in each
patient. The clinical examiner was unable to see the electronic display and therefore unaware of the
probing pocket depth. Secondly both the calibrated Hu-Friedy Gracey After Five curette and the EMS
PS slim Ultrasonic Tip were used in a randomized order in both patient groups to determine pocket
penetration depth. With the Ultrasonic Tip and the Gracey Curette the recordings were rounded off to
the nearest whole millimeter. The Jonker Probe, Gracey Curette and Ultrasonic Tip were inserted
parallel to the root in contact with the surface and directed apically towards the perceived location of
the apex of the root.
Data analysis
Analysis of probing measurements for the different devices was performed using the site as the unit
of measurement. Differences in measuring results between Jonker Probe, Ultrasonic Tip and Gracey
Curette were tested by use of a mixed model analysis of variance corrected for examiner and patient
effects. To test for systematic differences between sessions paired Student t-test were used. Pvalues of <0.05 were accepted as statistically significant.
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Results
Table 1 shows the mean probing depths at screening and selection with the manual probe at site
level for both groups. For the periodontitis group of the selected sites, 20 sites were excluded from
the analysis due to technical difficulties during the clinical procedures. Therefore the mean
screening probing depths (manual probe) were calculated over 300 sites in the periodontitis group
and amounted to 6.11 mm with a range between 3.00 and 10.00 mm. The mean results were
subdivided into shallow (<4mm), moderately deep (≥4 and <7mm) and deep sites (≥7mm). The
proportion of the shallow group was 3%, moderate deep sites 57% and deep sites 40%. In the
maintenance group 240 sites were available for evaluation. The mean probing depth based on the
manual screening probing measurements was 5.26 mm with a range of 1.00 to 9.00 mm. The
proportion of the shallow sites in this group was higher as compared to the periodontitis group to
17%. This was also true for the moderate deep pockets (59%). The proportion of deep pockets was
lower in the maintenance group (24%).

Table 1. Characteristics of the experimental sample

Untreated
Periodontitis
Group (n=20)

Maintenance
Group (n=15)

Screening
pocket depth

No.
surfaces

Mean pocket
probing depth (SD)

< 3 mm

9

3.00 mm (0.00)

4-6 mm

169

5.01 mm (0.76)

> 7 mm

122

7.88 mm (1.11)

All sites

300

6.11 mm (1.76)

< 3 mm

40

2.38 mm (0.66)

4-6 mm

142

5.07 mm (0.77)

> 7 mm

58

7.40 mm (0.59)

All sites

240

5.26 (1.62)

Range

Premolars

Molars

Cuspids

3- 10 mm

43%

52%

5%

1 – 9 mm

41,5%

58%

0.5%
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The results for the untreated periodontitis group are presented in Table 2. The mean probing depth as
established with the Jonker Probe was 5.62 mm. The mean penetration depth with the Ultrasonic Tip
was significantly deeper as compared to the probing pocket depth assessed with the Jonker Probe and
the Gracey Curette. The penetration depth with the Gracey Curette did not differ from the Jonker
Probe. The Gracey Curette however penetrated significantly less deep than the Ultrasonic Tip.
Table 2. Mean pocket depths for the Jonkers Probe and penetration depths Ultrasonic Tip and Gracey
Curette in the untreated periodontitis

All sites
n = 300
Mean

SD

<4mm
n=9
Mean

Jonker Probe®
(JP)

5.62

1.65

Ultrasonic Tip
(UT)

6.91a,b

Gracey
curette (GC)

5.60

a
b

SD

≥4-<7mm
n = 169
Mean

SD

≥7mm
n = 122
Mean

SD

3.00

0.50

5.04

1.34

6.68

1.43

1.87

3.89a,b

0.60

6.13a,b

1.49

8.25a,b

1.52

1.70

3.22

0.66

4.97

1.36

6.74

1.47

significant difference with the Jonker probe p< 0.05
significant difference with the Gracey curette p< 0.05

Also, when subdividing the measurements into shallow, moderate and deep sites, comparable results
were found. In the maintenance patients no significant differences between the Jonker Probe, the
Ultrasonic Tip and the Gracey Curette were found (Table 3).
Table 3. Mean pocket depth for the Jonkers Probe and penetration depth for the Ultrasonic Tip and Gracey
Curette in the maintenance group.

All sites
n = 240
Mean

SD

<4mm
n = 41
Mean

Jonker Probe®
(JP)

SD

3.92

1.58

2.50

0.86

Ultrasonic Tip
(UT)

3.85

1.94

2.56

Gracey
curette (GC)

3.85

2.05

2.39
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≥4-<7mm
n = 169
Mean

SD

≥7mm
n = 122
Mean

SD

3.89

1.23

5.01

1.91

1.18

3.74

1.76

5.04

2.15

1.09

3.79

1.70

5.04

2.60

POCKET PENETRATION AND SUBGINGIVAL DEBRIDEMENT

For comparison of the penetration depth assessed in the periodontitis group and the maintenance
group for the Ultrasonic Tip and the Gracey Curette, the mean difference with the reference probing
pocket depth of the Jonker Probe was calculated (Table 4). No significant differences were found
between the penetration depths of the Gracey Curette in the untreated periodontitis group and the
maintenance group for all sites. Neither the comparisons in the subcategories provided a significant
difference for the Gracey Curette. However the comparison of the penetration depths as assessed with
the Ultrasonic Tip showed in both groups significant differences. Not only at all sites the Ultrasonic Tip
reached a more apical level in the periodontitis group but also in the subcategories shallow, moderate
and deep sites (Table 4).

Table 4. The mean difference (mm) of pocket probing depth with the Jonkers Probe (PPD) and the
penetration depth (PD) assessed with the Ultrasonic Tip or the Gracey Curette

Mean difference (PPD – PD)
Ultrasonic Tip

a

Gracey Curette

Screening
pocket depth

Untreated
Periodontitis

Maintenance
Group

Untreated
Periodontitis

Maintenance
Group

< 3 mm

-0.89 a (0.60)

0.06 (1.15)

-0.22 (0.44)

-0.11 (1.27)

4-6 mm

-1.09 a (1.06)

0.15 (1.86)

0.07 (1.11)

0.09 (1.98)

> 7 mm

-1.57 a (1.07)

-0.02 (2.77)

-0.06 (1.32)

-0.02 (2.73)

All sites

-1.28 a (1.08)

0.07 (2.02)

0.01 (1.19)

0.07 (2.08)

significant difference with the UT (Maintenance Group) p< 0.05

Discussion
Previous research suggested that in case of untreated periodontitis thin ultrasonic inserts penetrate
pockets of ≥ 4 mm deeper as compared to standard ultrasonic inserts and manual curettes (Dragoo
1992, Clifford et al. 1999). In the present study a slim ultrasonic insert and a conventional manual
curette were tested for their ability penetrate periodontal pockets. In order to evaluate these
instruments in both shallow and deep pockets that have a relative healthy or inflamed condition,
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untreated periodontitis patients and periodontal maintenance patients that showed presence of
pockets ≥ 5 mm were selected. For reference measurements the Jonker Probe was used assessing the
2

probing depth with a probing pressure of 153 N/cm . Based on the existing literature (Garnick et al
1980; Hancock et al. 1981; Van der Velden et al 1981; Fowler et al 1982; Bulthuis et al 1998) it is
presumed that in the periodontitis group the probe tip of the Jonker Probe, employing this relatively
low probing pressure, stops at the connective tissue attachment level. With higher pressures the probe
will stop on average 0.45 to 0.80 mm apically to the connective tissue attachment level (Fowler et al.
1982; Bulthuis, et al. 1998). In the periodontitis group the Ultrasonic Tip reached significantly deeper in
all categories of pockets depths than the Jonker Probe. This could be the result of differences in
probing forces and consequently probing pressures. It is well known that a wide range of probing
forces are employed during manual probing varying between 0.2 and 1.3 N, however most clinicians
used a probing force higher than 0.3 N (Hassell, et al. 1973). Therefore it is likely that the Ultrasonic Tip
of the present study, being comparable in size and shape to the Jonker Probe probe, is used with
higher forces than the 0.3 N of the Jonker Probe. This will have resulted in higher probing pressures
and consequently deeper probing measurements. Since the tip of the Jonker Probe, when using 0.3 N
probing force, is on average located at the connective tissue attachment level in untreated
periodontitis, the Ultrasonic Tip must have been located apically to the attachment level. . The finding
of no differences in penetration depth between the Jonker Probe and the Gracey Curette does suggest
that the probing pressure of these instruments is comparable. Since the “probing surface” of a Gracey
Curette is on average 4 times larger than that of the Jonker Probe, a probing pressure of approximately
1 N must be used in order to exert a comparable probing pressure as that of the Jonker Probe.
Therefore it is not surprising to find in the present study that the tip of Gracey Curette is not located
apically to the attachment level since probing forces larger than 1 N should have been employed.
Another aspect of the deeper penetration of the Ultrasonic Tip compared to the Gracey
Curette in untreated periodontitis patients is the effectiveness of the instruments in the most apical
parts of pockets. It may be supposed that in this respect the present Ultrasonic Tip performs better
than the Gracey Curette. This suggestion is in agreement with Gagnot et al. (2004) who compared the
effectiveness of curettes, regular ultrasonic inserts and ultrasonic mini-inserts on extracted teeth. They
showed in all cases that the mini-inserts allowed greater apical access. They concluded that the shape
of the mini-inserts made them more effective in apical zones. Obviously this applies for deep inflamed
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pockets. In maintenance patients the pockets have been scaled in the past and are therefore less
inflamed. In such pockets the tip of the Jonker Probe, when using 0.3 N, will be located coronal to the
connective tissue attachment (Van der Velden 1981, Fowler et al. 1982). Since no differences were
found in penetration depth between the Jonker Probe and the Ultrasonic Tip and the Gracey Curette
respectively, the tip of both instruments will be located coronal to the attachment level. This
phenomenon is most likely due to the tonus of the gingival tissues surrounding the teeth. Beardmore
(1963) showed that the tonus of the gingival tissues increases as the signs of inflammation decrease.
Accordingly in the relatively healthy sites in the maintenance group, it seems that the advantage of
easier penetration of the Ultrasonic Tip was neutralized by higher tissue tonus of the marginal gingival
tissues. It remains to be investigated however, whether the observed penetration of the Ultrasonic Tip
and the Gracey Curette when used as a probe, is comparable to penetration whilst performing
subgingival debridement in both untreated periodontitis and maintenance patients. One can speculate
the pocket penetration may increase when instrumentation force is applied on the gingival tissues.
Since the removal of the biofilm is the main objective in periodontal maintenance patients, the
minimal loss of tooth substance with an ultrasonic scaler as compared to a conventional manual
curette (Schmidlin et al. 2001), is an important parameter to be taken into account in this patient
group.
Several studies have reported a loss of probing attachment following scaling and rootplaning
(Badersten, et al. 1981; Badersten et al. 1984; Claffey et al. 1988; Lindhe et al. 1982). Claffey et al.
(1988) showed for moderate to deep pockets a mean loss of 0.5 to 0.6 mm. After 12 month the
clinical attachment levels for the majority of these sites seemed to rebound with a gradual gain. The
initial loss of clinical attachment as a result of instrumentation was again confirmed by Alves et al.
(2005) for hand instruments but also for ultrasonic scalers.
Based on measurements with a Florida Probe set at 0.25 N performed immediately after
subgingival debridement, a comparable mean loss of 0.73 mm for the Gracey curette and 0.78 mm for
the ultrasonic scaler was shown. Izumi et al. (1999) deliberately tried to avoid trauma to the most
coronal part of the connective tissue attachment by inserting the curettes 1 mm shallower than the
probing pocket depth. Their results showed no significant differences between the test (curette 1 mm
short of the bottom of the pocket) and the control teeth with regard to probing pocket depth and
mean probing attachment level at 1 and 3 months following treatment. They stated that compared to
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effective removal of subgingival deposits, trauma to the most coronal part of the connective tissue and
remodeling of the lesion in that area following scaling and root planning is of minor importance.
Therefore the deeper penetration of the Ultrasonic Tip when used during debridement might induce a
risk for greater trauma to the coronal connective tissue attachment than the Gracey Curette but that
appears not to be a major factor in the clinical treatment outcome.
In conclusion, the results of present study show that in untreated periodontitis patients the slim
Ultrasonic Tip penetrated the pocket to deeper depths than the pressure controlled probe and the
Gracey Curette. In periodontal maintenance patients with relatively healthy gingivae the pocket
penetration was not statistically different.
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A periodontal probe till today remains the most important diagnostic tool in periodontal diseases. It is
used to establish the presence and severity of the disease and also used to assess the effect of
periodontal treatment. The probe enables the clinician to determine pocket depth, attachment level,
presence of plaque and calculus, and anatomical features of the root. Reliable measurements of the
pocket depth and the attachment level are critical to both longitudinal clinical studies and routine
clinical assessment in periodontal therapy. Current probing methods are subject to various errors e.g.
measurement outcomes are strongly dependent on probing force (Hassell et al. 1973; Mombelli et al.
1992; Van der Velden 1979) . Therefore variations in probing force are appear to be evident between
different examiners but also for a single examiner (Gabathuler et al. 1971). When measuring a pocket
the degree of probe tip penetration is also influenced by the presence of inflammation. Even with
relatively high forces the probe tip usually fails to reach the connective tissue attachment in healthy
sites (Fowler et al. 1982). With low probing pressures, the probe tip generally stops at the level of
intact connective tissue fibers or beyond in deep inflamed sites (Bulthuis et al. 1998).
During the last decades various pressure-sensitive automated probes have been developed
to reduce the factor of variability of probing force (Chamberlain et al. 1985; Garnick et al. 1989). Some
authors have reported an improved reproducibility of probing measurements (Abbas et al. 1982;
Osborn et al. 1990; Walsh et al. 1989; Wang et al. 1995), whereas others found no improvement of the
reproducibility when using constant force probes (Kalkwarf et al. 1986; Quirynen et al. 1993; Van der
Velden et al. 1980; Watts 1987).
The Florida Probe® introduced by Gibbs et al. (1988) has shown to be more reproducible than
manual probing in a number of studies (Gibbs et al. 1988; Magnusson et al. 1988; Yang et al. 1992). At
present this probe is considered the “golden standard” of the automated probes based on the
extensive research on the validity of the Florida Probe ® (Grossi et al. 1996; Osborn et al. 1992; Reddy et
®

al. 1997). Also the Brodontic probe, with a spring loaded hinge handle, was developed (Borsboom et
al. 1981) to overcome the problem of varying probing forces. This probe showed a better
reproducibility of probing depth measurements than a manual probe (Simons et al. 1987). Through its
simple design this probe is an attractive solution to control probing pressures in daily practice and in
field studies. Several studies have used this probe to ensure a constant pressure (Barendregt et al.
1996; Breen et al. 1997; Timmerman et al. 2000) However, up to now, it has not been compared to
other pressure probes such as the Florida Probe®. More recently a new probe was developed in the
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Netherlands (Jonker Probe ) (Fig 2). The design of this automated probe is based on the constant force
probe developed by (Van der Velden 1978). Like the Florida Probe® it has an electronic readout. The
electronic recording of the measurements offers advantages for operators who work alone and it
eliminates scribe errors in clinical research.
Periodontal probing in patients with untreated periodontal disease might also be influenced
by remaining calculus, plaque and over contouring of restorations. In order to minimize this problem
Wang et al. (1995) selected patients in the maintenance phase. When testing for reproducibility, these
subjects with relatively healthy reduced periodontium provide sites in which optimal probe angulation
(Karim et al. 1990; Watts 1989) and positioning (Karim, et al. 1990) can be facilitated.
The aim of the present study was to test in periodontal maintenance patients whether the
systems for pressure control that have been commercially developed contribute to more reproducible
probing depth measurements as compared to a manual probe.

Material and Methods
Patients
In total 12 periodontal maintenance patients were selected for the study. They had an initial diagnosis
of moderate to advanced periodontitis, on the basis of manual probing depth measurements and
radiographs. All sites had received initial periodontal therapy consisting of instruction in plaque control
measures, supra-/subgingival debridement and periodontal surgery when needed. Following the active
treatment they were enrolled in a 3 to 4 monthly maintenance protocol. In each patient 4 teeth
(preferably first molars) showing at least at one site a pocket of ≥ 5mm, were included in the study. For
each selected tooth 6 sites were recorded which resulted in 288 sites available for the study. These
experimental teeth were equally distributed between the arches and incorporated shallow (<4mm),
moderate (≥4 and <7mm) and deep sites (≥7mm). In addition at screening and selection, the level of
gingival inflammation was evaluated through recording of the presence or absence of bleeding on
manual probing (BOP).
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Description of Probes used
a)

Florida Probe® (Florida Probe Company, Gainesville Florida, USA) was equipped with a
tapered tine with a diameter of 0.4 mm at the tip increasing to 0.5 mm at the 5 mm and 0.6
mm at the 10 mm marking (Fig.1). The probing force was adjusted according to the
manufacturer’s guidelines to 0.20 N resulting in a probing pressure of 159 N/cm² (Gibbs et al.
1998).

Fig. 1
b)

Jonker Probe® (Jonkers Data, Staphorst, Netherlands); It has a tapered tine with a diameter at
the tip of 0.5 mm increasing to 0.6 mm at the 5 mm and 0.7 mm at the 10 mm marking
(Fig.2). The probing force of Jonker Probe was 0.30 N, achieving a probing pressure of 153
N/cm².

Fig. 2
c)

Brodontic® probe (Prima, Byfleet, England, UK) with Williams markings; this probe has a
spring loaded hinged handle exerting a constant force. A tapered tine (Ash Dentsply,
Weybridge, Surrey, England, UK) was mounted with a diameter at the tip of 0.5 mm
increasing to 0.6 mm at the 5 mm and 0.7 mm at the 10 mm marking (Fig.3). Based on Van
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der Velden et al. (1979), who used 240 N/cm² in maintenance patients, a probing force of
0.50 N was used to achieve a comparable probing pressure (255 N/cm²).

Fig. 3
d)

Conventional manual probe (Hu-Friedy, Chicago, USA) with Williams markings (Fig.4); this
probe had a tapered tine with a diameter of 0.5 mm at the tip increasing to 0.6 mm at the 5
mm and 0.7 mm at the 10 mm marking.

Fig. 4

Probing depth measurements
Duplicate recordings were made with a 30 minutes interval at the distobuccal (DB), midbuccal (B),
mesiobuccal (MB), distolingual (DL), lingual (L) and mesiolingual (ML) sites at the 4 experimental teeth
in each patient. This amounted to 288 evaluable sites. The recordings were performed at the first visit
(Day 0) and again at the second visit 1 week later (1 Week). In each patient, each of the 4 selected
experimental teeth was assigned to a random probing order according to a Latin square design. In all 6
sites of each experimental tooth, all 4 probes were used based in this assigned random order. This
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order remained the same for each individual tooth for the duplicate recording and the recordings one
week apart. In order to minimize the effect of bias as a result of intra-examiner reproducibility, 2
examiners were chosen (MP and YIJ). Each examiner was assigned 6 patients and consequently 144
sites.
The probes were inserted parallel to the root surface and directed apically toward the
perceived location of the apex of the root. When the pre-set force was reached (in case of the 3
pressure probes) the probing depth was recorded and stored by the computer software or when
appropriate written down on a case record form by the assistant. With the manual probe and the
Brodontic® probe the recordings were rounded off to the nearest whole millimeter.

Data analysis
Analysis of probing measurements for the different probes was performed using the site as the unit of
measurement repeats. Differences between probes, duplicates and week were tested by use of a
mixed model analysis of variance corrected for examiner and patient effects. For differences between
repeats and between Day 0-1 week the Standard Error (SE) and the 95% Confidence Interval (CFI) were
calculated. Furthermore correlation coefficients were calculated for all probes over all sites comparing
Day 0 and 1 Week measurements. To test for systematic differences between sessions paired Student
t-test were used. p-values of <0.05 were accepted as statistically significant.

Results
Overall 96% first molars and 4% second premolars were evaluated. Table 1 shows the mean probing
depths at screening and selection with the manual probe at site level. The mean probing depth over
the 288 sites was 3.90 mm. The level of gingival inflammation, as assessed by bleeding on probing, was
21.5%. The mean results were subdivided into shallow (0-3.5 mm) moderately deep (4-6.5 mm) and
deep sites (7-10 mm). The proportion of shallow group was 51%, moderate deep sites 41% and deep
sites 8%. Compared to the buccal/lingual sites the mean probing depth at the approximal surfaces was
higher up to the level of 4.54 mm and the proportion of moderately deep pockets was also higher
(59%). The buccal/lingual sites offered primarily shallow pockets (90%) and with a mean probing
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depth of 2.62 mm. The level of bleeding on probing at the approximal sites was 23% and 16% at the
buccal/lingual surfaces.
Table 1. Mean probing depths (mm), bleeding on probing (%) and shallow(S)-moderate(M)-deep(D) sites (%)
based on screening measurements (Williams probe) over all sites, approximal and buccal/lingual.

All patients
(n=12)

Mean (SD)

BOP

S

M

D

All sites

3.90 (1.65)

21.5

51%

41%

8%

Approximal

4.54 (1.40)

23

30%

59%

11%

Buccal / lingual

2.62 (0.90)

16

90%

10%

0%

Table 2 shows the mean overall results with the 4 probes. The mean probing depth as
established with the Florida Probe® (FP) and the Jonker® Probe (JP) did not differ (3.33 vs. 3.32), neither
was there a difference between the Brodontic® probe (BP) and the manual probe (MP) (3.95 vs. 3.93
mm). The FP and JP measured a significantly lower mean probing depth than the BP and the MP. When
subdividing the measurements into approximal and buccal/lingual sites, similar observations were
made.
Table 2. Overall mean probing depths for all probes over all sites, approximal and buccal/lingual sites.

Mean

SD

Mean

SD

Buccal/
lingual
Mean

Florida
Probe®

3.33a,b

1.42

3.91a,b

1.31

2.17a,b

0.79

Jonker
Probe

3.32a,b

1.36

3.82a,b

1.30

2.29a,b

0.79

Brodontic
probe

3.95

1.52

4.59

1.37

2.66

0.81

Manual
Probe

3.93

1.59

4.61

1.45

2.57

0.80

a
b
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All sites

n = 288

Approx

n = 192

significant difference with the Brodontic probe p< 0.05
significant difference with the Manual probe p< 0.05

n = 96
SD

PROBING DEPTH AND REPRODUCIBILITY

Duplicate measurements (session 1 & 2) at Day 0 and at 1 Week are shown in Table 3. The
FP, the BP and the MP show no significant differences between the duplicate measurements. With the
JP however at Day 0 and 1 Week, the second measurement was deeper and increased with 0.19 and
0.14 mm respectively (p=0.01).

Table 3. Mean values and differences of duplicate measurements at Day 0 and 1 Week (session 1 and 2)
Day 0
session1
n = 288

Florida
®
Probe
Jonker
Probe
Brodontic
probe

Mean

1 Week

session
2
Mean

session1
Diff
1-2

SE

95% CFI
lower

upper

Mean

Mean

session2
Diff
1-2

SE

95% CFI
lower

upper

3.29

3.41

-0.12

0.06

-0.24

0.00

3.32

3.29

0.03

0.06

-0.09

0.16

3.22

3.41*

-0.19

0.06

-0.30

-0.07

3.25

3.38*

-0.14

0.05

-0.24

-0.03

3.90

3.96

-0.06

0.04

-0.13

0.10

3.93

4.02

-0.08

0.03

-0.13

0.01

3.93

-0.02

0.04

-0.09

0.05

3.92

3.95

-0.03

0.03

-0.09

0.04

Manual
3.91
Probe
CFI, confidence interval

When comparing mean probing depths at Day 0 and 1 Week (first session only) no significant
differences for the duplicate assessment 1 week apart for any of the 4 probes were found (Table 4).
The correlation coefficients between the first assessment at Day 0 and 1 Week are presented in the
last column of Table 4. The automated probes show a comparable value, for FP and for the JP (0.76
and 0.75 resp.). The BP and the MP show higher correlation coefficients between sessions of 0.90 and
0.89 respectively.
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Table 4. Differences and correlation coefficient at Day 0-1 Week (session 1) for all sites.

n = 288

Florida Probe

Difference
®

SE

95% CFI
lower

upper

Correlation
Coefficient

-0.03

0.06

-0.15

0.09

0.76

Jonker Probe

-0.03

0.06

-0.15

0.10

0.75

Brodontic probe

-0.04

0.04

-0.15

0.01

0.90

Manual Probe

-0.02

0.05

-0.11

0.07

0.89

Fig. 5 a, b, c, d illustrates the frequency distribution of the differences between the
measurements at Day 0 and 1 Week (1st session) stratified in the categories shallow (<4 mm),
moderate (≥4 and <7 mm) and deep sites (≥ 7 mm). The range of differences between 2 assessments
for the probes over all sites with a conventional readout (BP and MP) does not exceed between -2 and
2 mm. The range for the FP is -3 to 3 mm and for the JP even -5 to 5 mm. In 48-59% of the assessments
no differences was observed between for the 4 probes. The measurement error between -1 and 1 mm
is found in 94% of the cases with the BP and 96% with the MP. In comparison the FP showed in 84% of
the measurements between -1 and 1 mm and the JP 88%.
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Discussion
In this study 3 commercially available pressure probes and a manual probe were tested for their ability
to provide reproducible measurements. A good range in probing depths should be available in order to
compare these different probes in a proper way. As a result of the inclusion criteria used in this study,
pockets of > 4 mm amounted to 49 %. In comparison Wang et al. (1995) presented their data in
maintenance patients on 20% of pockets > 4 mm. Mayfield et al. (1996) based their conclusions on a
percentage of approximately 17% of pockets of ≥ 5 mm whilst in the present study the percentage
amounts to 36%. Reddy et al. (1997) presented data including 54% pockets of ≥ 5 mm. However their
sites were obtained in untreated moderate to advanced periodontitis patients. Taken into account the
aforementioned studies, the present study appears to have a clinically representative study population
providing a wide range of probing depths (Table 1). It is therefore feasible to assume that the results in
this study are applicable for measurements of probing depths in periodontal maintenance patients.
The influence of probing pressures on the results of probing depth measurements has been
studied by several authors (Hassell et al. 1973, Van der Velden 1979, Mombelli et al. 1992). The FP and
the JP used pressures of 159 N/cm² and 153 N/cm² respectively whereas the BP was set to a pressure
of 255 N/cm². Since no differences in mean probing depths were found between the MP and the BP
(Table 2) it is likely that a comparable probing pressure was exerted by the MP. The difference in
probing pressures could therefore explain the higher mean probing depths with the BP and MP as
compared to the FP and JP. Since it has been shown that the periodontal condition greatly influences
the results of probing depth measurements (Bulthuis, et al. 1998; Fowler, et al. 1982; Garnick, et al.
1989; Hancock et al. 1981; Polson 1980; Robinson et al. 1979; Van der Velden 1980), in the present
study all comparisons for the 4 probes were made at the same sites thereby controlling for the
influence variations in periodontal inflammation. Based on the studies where different probing
pressures were used to evaluate the true attachment level with the aforementioned probing systems
(Van der Velden 1979; Fowler et al. 1982; Bulthuis et al. 1998) it is likely that the probe tip of the 2
automated probes employing relatively low probing pressures, did not reach the bottom of the pocket
in the present study population of relatively healthy maintenance patients. Further research is needed
to establish the possible consequences for the prediction of the long term stability of the periodontal
condition on the basis of probing depth measurements with relatively low or high probing pressures.
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The results of the present study show that the reproducibility of the automated force
controlled probes is somewhat lower compared to the BP and MP. When comparing the probing
measurements from Day 0 and 1 week differences of 2 mm and more were found for the automated
probes and especially the JP (Figure 5 a,b,c,d). Bulthuis et al. (1998) showed that in inflamed situations
low probing pressures are sufficient in order to reach the histological bottom of the pocket. However
these authors also suggested that, when using light forces the examiner may run the risk of not
entering the orifice of the pocket with the probe tip. This would especially be the case in more healthy
sites where the gingival margin lies tight around the neck of the tooth. Interestingly in the present
study Figure 5b shows a difference of 3 mm for the JP and the FP in the shallow group where the range
of pocket depths lies between 0 and 3.5 mm (mean pocket depth of 2.62 mm). This suggests that at
some sites these particular probes did not enter the pocket. This phenomenon could easily explain
why the BP and the MP show less variability since they use higher pressures. This suggestion is
consistent with the findings of Wang et al. (1995). In their study with periodontal maintenance
patients, the manual probe also proved to be more reproducible than the automated force controlled
probe. The pressure of this probe was set to 156 N/cm2 comparable to the pressure used for the FP
and JP in the present study. Waerhaug (1952) suggested that in more healthy situations, in order to
reach the “true” bottom of the pocket with light forces, a thinner probe is needed. Since the FP has a
smaller diameter at the tip of the probe than the JP, it may be more capable of entering the pocket
with a healthy marginal gingiva. This could explain the larger variation of measurements between Day
0 and 1 Week with the JP as compared to the FP. Another explanation for the lower reproducibility of
the automated probes could be the bulky anterior part of the electronic probes. This does make it
difficult to get adequate access to posterior probing (Wang et al. 1995). The reproducibility of the JP
may also be influenced by the total length of the tine of the probe and the sleeve in which it runs (Fig.
2). With increasing dimensions of this measuring device it will become more difficult to reach the
posterior sites of the dentition. Comparing lengths of the MP (16 mm) and the FP (22 mm) with the JP
(32 mm) it is evident that the greater dimensions of the JP will make it more difficult to manipulate
inside the mouth of a patient. This suggestion is supported by the finding that the differences between
repeated measurements with a magnitude of 3 mm and more were found mainly on the disto-lingual
molar sites with both the JP and FP. The greater dimensions of JP may have also been responsible for
the finding that on Day 0 and 1 Week the JP obtained deeper probing depth measurements at the
second probing procedure. At the second probing the examiner may have remembered the difficulties
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in putting the probe in the right position. Such an increase in deeper measurements at the second
probing procedure was not found for the FP, BP and MP. This lack in differences between duplicate
measurements seems to be in contrast to the literature since Janssen et al. (1988) observed deeper
measurements in a second, third and fourth session on the same day using a force-controlled probe
2

(approximately 240 N/cm ). Therefore Janssen et al. (1988) suggested that 2 duplicate measurements
should be averaged to get a more accurate score. Based on the data presented in this study this does
not appear to be necessary since the expected deeper second measurement (Janssen et al. 1988) was
not observed with the FP, the BP and the manual probe in this study.
It has been generally 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
(0.80-0.92 mm in the study of (Badersten et al. 1984) is the result of disease or therapy. For all 4
probes a high proportion of the measurements showed a difference within -1 and 1 mm (84 to 96%).
When these data are compared to other studies like Badersten et al. (1984), Watts et al. (1987),
Mayfield et al. (1996) and Breen et al. (1997), the present data are within the same range. The
Brodontic® probe and the manual probe showed a high correlation coefficient (0.83-0.93) between
repeated examinations (Table 4). This corresponds with the data presented by Mayfield et al. (1996)
where the manual probe, in a comparable protocol and patient group, showed similar correlation
coefficients. Some studies have reported that constant force probes are more accurate (Gibbs, et al.
1988; Walsh, et al. 1989) whilst other studies prefer the manual probe (Mayfield et al. 1996; Osborn,
et al. 1990; Wang, et al. 1995)). The present study has shown that the manual probe in the hands of
the experienced examiner has a good reproducibility.
In conclusion, the automated probes showed a lower level of reproducibility than the BP and
MP. In addition, due to the lower probing pressure of the FP and JP these probes measured less deep
2

as compared to the BP and MP. It is suggested that a pressure level of approximately 250 N/cm may
be needed in periodontal maintenance patients since otherwise in a number of cases the probe fails to
enter the pocket. Since in this study a good reproducibility was achieved and similar probing depth
recordings were obtained as compared to the pressure controlled BP, the manual probe still remains a
reliable tool in daily periodontal practice.
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Periodontitis is an inflammatory disease of the supporting tissues of the teeth resulting in breakdown
of the alveolar bone and connective tissue, resulting in loss of attachment and pathological pocket
formation. The depth of this pocket is one of the most important aspects of the diagnosis and
treatment of periodontitis. For more than a century the periodontal probe has been used to assess the
probing depth of periodontal pockets (Hefti 1997). The American dentist J.M. Riggs was the first to
describe the periodontal probe in the literature (Riggs 1882). Much later, in the 1920s the periodontal
probe appeared in Europe and was described by the German periodontist Sachs (1929) using a thin 1.3
mm wide steel blade. During the years several different probe designs have been developed resulting
in a tapered probe tine with a round tip (Ramfjord 1959). At present, this design is still the most
popular probe type for the periodontal examination.
Periodontal probing should be accurate and technically simple (Hefti 1997). Current probing
methods are subject to various errors. Amongst others, there appears to be a relationship between
probing force and pocket penetration (Hassell et al. 1973, Van der Velden 1979, Mombelli et al. 1992).
The degree of probe tip penetration into the pocket is also influenced by the presence of inflammation
of the periodontal tissues (Armitage et al. 1977, Van der Velden 1980, Fowler et al. 1982, Bulthuis et al.
1998). Even with relatively high forces the probe tip usually fails to reach the connective tissue
attachment in healthy sites (Fowler et al. 1982). In inflamed sites the probe tip generally stops, already
with minimal probing pressures, at the level of intact connective tissue fibers or may even penetrate
beyond (Bulthuis et al. 1998). Also the probe tine shape has an effect on the recorded pocket depth
(Atassi et al. 1992, Barendregt et al. 1996). The probe tine should be small enough to fit into the
periodontal pocket without trauma (Caton et al. 1981). When comparing different probe tine shapes
with relative low probing forces (Atassi et al. 1992, Barendregt et al. 1996) or higher probing forces
(Barendregt et al. 1996), more shallow pockets were assessed with a tapered tine. This most likely is
due to the tapered shape which gradually meets more resistance when inserted into the periodontal
pocket. Consequently, when evaluating the influence of probing force on the recorded probing pocket
depth, the level of periodontal health and the probe tine diameter are aspects to be taken into
account.
In order to be able to compare the results of probing studies using various amounts of
probing force, the probe diameter should be taken into account in order to estimate the probing
pressure at the tip of the probe. Many publications on clinical studies with probing pocket depths as a
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parameter for evaluating treatment results, fail to report sufficient data on the method used for
probing. If studies report methodological aspects, the majority of studies report only probing force or
the dimensions of the conventional probe used. Instead of providing either one, they should report
both since it is the pressure at the tip, the resultant of probing force and probe diameter, which
eventually determines probe penetration.
The aim of the present study was to reiterate the influence of probing pressure on the
probing pocket depth in diseased and healthy periodontal tissue conditions through a systematic
review. In addition as an aid for comparison of outcomes of studies using different probing pressures,
an attempt was made to provide a correction factor that compensates for the probing pressure
employed.

Material and Methods:
Focused question:
When using a periodontal probe with a round tapered probe tine in periodontal pockets, what is the
effect of different probing pressures on the recorded probing pocket depth?
Search strategy:
Two internet sources of evidence were used in search of appropriate papers satisfying the study
purpose: The National Library of Medicine, Washington DC (MEDLINE-PubMed) and the Cochrane
Central Register of Controlled Trials (CENTRAL; Clinical Trials). The databases were searched up to and
including June 2008 using the following terms for the search strategy:
Problem:
([text words] periodontal diseases OR periodontal disease OR
*MeSH terms /all subheadings+ “Periodontal Diseases”)
AND
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Intervention:
([text words] periodontal pressure probe OR pressure-probe OR pressure probe OR probe-diameter
OR probe diameter OR probing force OR probing-force OR probe-force OR probe force OR resistance
to probing OR probe-penetration OR probe penetration OR probing resistance OR probing-pressure OR
probing pressure OR periodontal-probing OR periodontal probing)
AND
Outcome:
([text words] Periodontal pocket OR periodontal pockets OR pockets OR gingival pocket OR gingival
pockets OR probing depth OR probing-depth OR pocket depth OR pocket-depth OR probing-pocketdepth OR probing pocket depth OR
*MeSH terms /all subheadings+ “Periodontal Pocket” OR “Gingival Pocket”)

Screening and selection
The papers were screened independently by 2 reviewers (HCL & DSB). At first they were screened by
title and abstract. Only papers written in English language were accepted. Case reports, letters, and
narrative/historical reviews were not included in the search. Papers without abstracts whose title
suggested that they were related to the objectives of this review were also selected so that the full
text could be screened for eligibility. All reference lists of the selected studies were screened for
additional papers. Any disagreement between the two reviewers was resolved after additional
discussion. As a second step, after full text reading, papers were selected when they fulfilled the
criteria of the study aim.
Eligibility criteria:
Randomized controlled trials (RCTs’)
Controlled clinical trials (CCTs’)
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Conducted in humans subjects
Use of a tapered probe tine
Pocket depth recordings with more than 1 probing force used at the same site
The following factors were recorded to be able to investigate heterogeneity of outcome across studies:
Subjects
Periodontal tissue condition
Sites
Probes
Probing pressures
Extent of probe penetration

Methodological study quality assessment
The following parameters were investigated as proposed in the Cochrane Handbook of Systematic
Reviews (http//www.cochrane-handbook.org assessed on 18-12-2008):
(a) allocation concealment
(b) randomization
(c) blindness of examiner or patients; and
(d) loss to follow-up
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Data extraction & analyses:
From the papers that met the criteria, data were processed for analysis by HCL, DSB & GAW. The mean
probing pocket depth (PPD) in relation to probing force was extracted. In addition the probe tip
2

diameter was used to calculate the mean increase in PPD per increase in N/cm probing pressure.
Some of the studies provided Standard Errors (SE) of the mean. If possible, the Standard Deviations
(SD) in these studies were calculated by the authors of the present review based on the sample size.
For a correct analysis the data were divided in diseased sites and healthy/treated sites. In order to
compensate the influence of different probing pressures when comparing different study outcomes in
either diseased or healthy/treated sites, a correction factor (CF) was computed according to the
following formula:
CF =

In this formula is the weight of each study i.e. the number of sites and

the mean increase in

2

PPD per 1 N/cm of each study.

Results
Search & selection results
The PubMed search resulted in 2983 papers and the Cochrane search in 857 papers. After extracting
those papers that were present in both searches, 3032 papers remained to be screened. The screening
of the titles and abstracts initially resulted in 13 full articles. Searching of reference lists of the selected
studies resulted in 1 additional paper (Caton et al. 1981). After full text reading 7 papers had to be
excluded since no data on the relationship between probing force and probing depth were presented
(Hassell et al. 1973, Abbas et al. 1982, Mombelli et al. 1986, Sild et al. 1987, McCulloch et al. 1987,
Karim et al. 1990, Mombelli et al. 1992). Two papers (Van der Velden 1979 & 1980) had to be excluded
because they presented data obtained with a parallel probe tine shape. The remaining 5 papers which
fulfilled the selection criteria were processed for data extraction (Caton et al. 1981, Chamberlain et al.
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1985, Barendregt et al. 1996, Mombelli et al. 1997, Bulthuis et al. 1998). From one selected study
(Mombelli et al. 1997), the original mean data, as assessed around the teeth, were received from the
author since the paper only provided descriptive data. Also Barendregt et al. (1996) provided the
original mean data, representing measurements with different probing pressures assessed at the same
site.

Assessment of heterogeneity
Considerable heterogeneity was observed in study design, characteristics and outcome variables i.e.
selection criteria of the studies, number of subjects, number of sites, number and magnitude of
probing forces/pressures and probe tip diameter. Information regarding the study characteristics is
shown in Table 1 and 2.
Subjects and periodontal tissue condition: The subjects used in the 5 selected studies included both
male and female adults with diseased and healthy/ treated periodontal tissues. The number of
participants varied per study (range 10-22). As shown in Table 2, three studies included data of
diseased tissues (Caton et al. 1981, Chamberlain et al. 1985, Bulthuis et al. 1998) whilst four studies
provided data of healthy/treated sites (Caton et al. 1981, Chamberlain et al. 1985, Mombelli et al.
1997, Barendregt et al. 1996).
Sites: A large variation was present in the number of sites that were assessed, ranging from 11
(Mombelli et al. 1997) to 413 (Barendregt et al. 1996) sites.
Probes: All selected studies used probes with a force control or a probing force indicator. In three of
the selected studies a probe tip diameter at the tip of 0.5 mm was employed (Chamberlain et al. 1985,
Barendregt et al. 1996, Bulthuis et al. 1998). One study (Mombelli et al. 1997) used a probe tip with a
diameter of 0.4 mm at the tip and one other study 0.35 mm (Caton et al. 1981).
Probing pressures: Barendregt et al. (1996) and Bulthuis et al. (1998) related their results to probing
pressure. The remaining studies used for their data presentation probing forces, ranging from 0.10 N
2

to 1.25 N. For the present review the probing pressure (N/cm ) in these studies was calculated based
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on the probing force and probe diameter. Over the five studies, the probing pressure ranged from 51 –
995 N/cm2.
Extend of probe penetration
In the studies of Bulthuis et al. (1998), Mombelli et al. (1997) an electronic pressure sensitive probe
was used. Bulthuis et al. (1998) used a system (Florida Probe®) with a precision of 0.1mm while
Mombelli assess the extent of probe penetration with an accuracy of 0.5mm. The system of
Chamberlain et al. (1985) had calibrated markings on the probe each millimeter and recordings were
made to the nearest 0.5mm. Barendregt et al. (1996) and Caton et al. (1981) describe that they
recorded the probing depth to the nearest whole millimeter when the present pressure was reached.
Study quality
Allocation concealment: Due to the study design of the selected studies allocation concealment was
not possible. Instead two other design aspects were investigated: assessment of the inflammatory
status of included subjects and study design features (Table 1).
Assessment of the inflammatory status: Bulthuis et al. (1998) evaluated the periodontal condition
based on manual probing for assessing the moderate to deep pocketing around the selected teeth.
Mombelli et al. (1997) evaluated the periodontal health based on conventional probing and scored a
plaque index (Silness & Löe 1964). Barendregt et al (1996) assessed the inflammatory status based on
manual probing after the initial therapy. The sites used for this systematic review from Chamberlain et
al (1985) originated from the study of Renvert et al. (1985). They describe the selection of the sites
evaluated having less than 15% plaque, proximal intraosseous lesions and pocket probing depths
≥6mm after initial therapy by manual probing. Finally Caton et al. (1981) selected patients referred for
treatment of chronic periodontitis and evaluated the inflammatory status based pocket depth and
bleeding on probing by manual probing.
Study design: Mombelli et al. (1997) repeated all duplicate probing measurements within one week.
The probing pocket depth (PPD) assessments in the study of Barendregt et al. (1996) were obtained in
3 sessions with one week interval. Per session the assessments were repeated within 15 minutes. In
study of Chamberlain et al. (1985), the PPD was assessed before and 6 months after treatment. The
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before treatment measurements were performed at least 6 months after oral hygiene instruction and
root planing. Since they represented deep residual pockets (mean PPD > 5.0 mm), they were eligible
for this review as diseased sites. From the study of Chamberlain et al. (1985) only the data from the
root planing group were used since this was the treatment modality also employed in study of Caton
et al. (1981) and Barendregt et al. (1996). Caton et al. (1981) measured the PPD at baseline and 4, 8
and 16 weeks following root planing. For this review the pocket assessment at baseline and the 16
week assessment were used.
Randomization: Barendregt et al. (1996) and Bulthuis et al. (1998) did provide partial randomization in
their RCTs. Barendregt et al. (1996) randomized the order of use of tine/force combinations over the
patients and sessions. In study of Bulthuis et al. (1998) the sites to be probed were randomly allocated
to each probe tine. Neither study randomized for probing pressure. Additionally in both studies the
method of randomization is unclear. In all selected studies logically the lowest probing pressure was
used first when measuring the probing pocket depth.
Blinding of examiner or patients: It was recognized in the 4 of the 5 selected studies that blinding of
the examiners was not possible due to the study design and the probes used. Only in the study of
Bulthuis et al. (1998) the examiner was blind for all the recorded measurements due to the use of the
Florida Probe®. Blinding of patients was not applicable since they were not actively involved in the
study.
Loss to follow-up: In all studies none of the patients/sites were lost to follow up during the
experimental period.
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Study outcomes
In Table 2 the results of the 5 selected studies is presented. The probing forces ranged from 0.10 N
(Bulthuis et al. 1998) to 1.25N (Mombelli et al. 1997), corresponding with a probing pressure of 51
2

2

N/cm and 995 N/cm . The PPD in the diseased group ranged from 2.80 mm (Bulthuis et al. 1998) to
2

2

6.7 mm (Chamberlain et al. 1985) obtained with 51 N/cm and 382 N/cm probing pressure
respectively. In the healthy/treated sites the shallowest PPD was assessed in the study of Caton et al.
(1981) which amounted to 2.00 mm assessed with a probing pressure of 155 N/cm2. Chamberlain et al.
2

(1985) showed the deepest PPD measured with 382 N/cm (5.2 mm). Due to the heterogeneity of the
studies (probing pressure) no meta-analysis could be performed on the pooled data.
In all instances a higher probing pressure resulted in an increase in PPD. When analyzing the
data from the study of Mombelli et al. (1997), in healthy sites, the incremental change in PPD
decreases as the pressure rises above 398 N/cm2. This phenomenon was also found in the studies of
Caton et al. (1981) and Chamberlain et al. (1985) in both diseased and healthy/treated sites for
pressures higher than 255 and 259 N/cm2 respectively. With relatively low probing pressures in
diseased conditions in the study of Bulthuis et al. (1998), the largest increment in PPD was found when
the probing pressure increased from 76 to 102 N/cm2.
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In Table 3 a,b the computations are presented of the correction factors for both diseased and
healthy/treated sites. This factor amounted, in diseased sites, to a mean PPD increase of 0.004 mm for
2

each increase of 1 N/cm in probing pressure. For healthy/treated sites the correction factor was 0.002
mm (Table 3b).
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Discussion
The goals of periodontology can be defined in terms of keeping teeth for life, maintaining function,
preventing and eliminating pain and discomfort. This can be achieved by aiming for an optimal healthy
periodontium which is characterized by presence of shallow pockets and absence of inflammation (Van
der Velden et al. 1981). The periodontal probe is an important tool for the clinical assessment of the
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periodontal status, diagnosis and treatment planning. To be able to enter the pocket with a
periodontal probe certain force is needed to overcome the resistance (tonus) of the gingival tissues,
not only the force applied but also the dimensions of the probe tip should be considered (Garnick et al.
2000).
Probing force as such has been recognized as an important factor in measuring probing
pocket depth (PPD) but little attention has been paid to the issue of probing pressure. Already in 1950
Miller eluded to the importance of pressure when probing by stating: ”Gentle pressure against the
epithelial attachment with the probe passed into the gingival sulcus, or a periodontal pocket, meets
with springy resistance of the epithelial attachment”(Miller 1950). In the early seventies the term
pressure was used by Gabathuler et al. (1971) in the title of their publication: “A pressure-sensitive
periodontal probe”, but the paper included only probing force data. Two years later Hassell et al.
(1973) first calculated and published “light hand pressures” as proposed by Waerhaug (1952) and
2

2

Gabathuler et al. (1971) which amounted to 20 ponds/mm and 70 ponds/mm respectively. Also in an
attempt to standardize the probing force, Van der Velden & De Vries (1978) introduced “The pressure
probe” but they also did not use probing pressures to present their data. Other studies during the
same time period, dealing with the issue of pocket probing with a force controlled probe, all mention
the probing force and probe diameter without translating this to probing pressure (Armitage et al.
1977, Spray et al. 1978, Robinson et al. 1979, Van der Velden 1979, Polson et al. 1980, Hancock et al.
1981, Fowler et al. 1982). It was not until 1982, when study results were compared based on probing
pressure (Van der Velden 1982). After this publication numerous studies evaluating the different
“constant-force” probes for the accuracy and reproducibility still preferred presenting the data in
relation to probing force. Some authors acknowledged the importance of the use of probing pressure.
Garnick et al. (1989), in a study to evaluate the effect of inflammation and pressure on probe
displacement in beagle dog gingivitis, reported four different probing pressures (in N/cm2 or kPa). In a
study of Lang et al. (1991) the title included the term probing pressure but provided only probing force
related data. At the end of their discussion however, the conclusion was related to probing pressure.
Later study results based on probing pressures were presented on the influence of probe tine when
assessing PPD (Barendregt et al. 1996). In general probing force still remained the preferred way for
interpretation of study outcomes. Some authors however did use probing pressures as a unit of
measure. For instance with the introduction of a new probe design in 2004 proper probing pressure
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data were presented and discussed in support of the proposed probe design (Vartoukian et al. 2004).
Nevertheless, in a recent study on the probe penetration in periodontal and peri-implant tissues in
dogs, only probing force and tip diameter were reported (Abrahamsson et al. 2006). Therefore, it is
reasonable to conclude that the aspect of probing pressure has been greatly undervalued.
A probing pressure is a product of the probing force (N) relative to the tip diameter (mm).
The pressure exerted by the probe is directly proportional to the force on the probe and inversely
proportional to the surface area at the probe tip (Garnick et al. 2000). Since the surface area of a
round probe is determined by

, with being the radius of the tip, a reduction in the probe

diameter will increase the pressure by a proportional amount which is squared. Therefore a change in
tip diameter has a more profound effect on the pressure than the actual force exerted on the probe
(Aguero et al. 1995). For example if a force of 0.50N is used on a probe with a diameter of 1 mm the
pressure on the tip of the tine will be 64 N/cm2. Using the same force on a tip with a diameter of 0.5
2

mm the pressure will be 255 N/cm . Van der Velden (1979) found that with a probing force of 0.75N in
treated residual deep periodontal pockets the probe tip is located at the attachment level. These
results were obtained with a probe diameter of 0.63mm (241 N/cm2). With the same probing force
other authors (Armitage et al. 1977, Spray et al. 1978, Robinson et al. 1979) observed penetration into
the connective tissue. However, they used a probe diameter of 0.35mm. This tip and force
combination delivers a probing pressure at the tip of 780 N/cm2, which explains the difference
between the studies.
Due to the fact that in various studies different amounts of probing pressure are used,
comparison of for example treatment results becomes difficult. For instance Badersten et al. (1984),
when evaluating the effect of non-surgical periodontal therapy, performed their measurements with a
probing force of 0.75N with a tip diameter of 0.5 mm which amounts to a probing pressure of 382
2

N/cm . Results showed twelve months after treatment with hand instruments a mean overall PPD of
3.8 mm (Badersten et al. 1984). In the study of Kaldahl et al. (1988) a probing force of 0.5 N and a tip
2

diameter of 0.35 mm (519 N/cm ) was used when testing the effect of four treatment modalities. The
mean PPD in sites treated within the non-surgical periodontal therapy modality, was 4.26 mm after 12
months (Kaldahl et al. 1988). In order to be able to compare the probing depth after treatment of the
2 studies, the probing pressure of the Badersten study should be adopted to the level that was used in
the Kaldahl study with a corresponding mean PPD increase. This can be achieved by using the
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2

correction factor of 0.002 mm increase per 1 N/cm for healthy/treated sites. Thus the discrepancy of
137 N/cm2 between the pressures used in the 2 studies times 0.002 is 0.27mm. Therefore, if in the
Badersten study the same probing pressure was used as in the Kaldahl study, the probing depth would
have been 4.07 mm. This probing depth value appears to be in closer range of the 4.26 mm as
presented by Kaldahl et al. (1988).
It has been described that with increasing probing force i.e. probing pressure, the recorded
probing depth will increase (Robinson et al. 1979, Van der Velden 1979, Barendregt et al. 1996). An
observation supported by the outcome of this review. Histologic locations of the probe tip considered
to be the most relevant in periodontal diagnostics are the base of the periodontal pocket and the most
coronal connective tissue attachment (Aguero et al. 1995). Based on the results of the study of
Bulthuis et al (1998) in diseased sites, the tapered probe (tip diameter 0.5mm) with 0.25N force was
on average located at this level. In healthy/treated sites in humans even pressures up to 400 N/cm 2
left the probe tip coronally to this landmark by a mean of 0.73 mm (Fowler et al. 1982). One has to
bear in mind therefore that in a number of cases, an over – or underestimation of the true attachment
level will still occur when assessing the PPD (Listgarten 1980, Kalkwarf et al. 1987). A high probing
pressure is deliberately used in bone sounding to determine the actual alveolar bone level in relation
to the location of the gingival margin or the cemento-enamel junction. The tip of the probe is pushed
through the supra-alveolar connective tissue to make contact with the bone (Lindhe et al. 2003). This
implies that with a certain probing pressure the increase of probing depth may be physically limited by
the alveolar crest. This may explain why with the pressures of more than 796 N/cm2, the increase in
2

PPD is smaller as compared to pressures of 76 – 597 N/cm probing pressure (Table 2). On the other
hand if too gentle probing forces are applied one my run the risk that the probe tip will not enter the
orifice of the pocket (Bulthuis et al. 1998, Barendregt et al. 2006). This could explain why with the very
low pressures between 51 and 76 N/cm2, almost no difference in PPD is observed.
Periodontal probing registers resistance of the tissue to the pressure applied by the probe.
The greater the pressure, the greater is the advancement of the probe into the tissues (Table 2).
However, the advancement depends on the resistance of the tissue at the site being measured
(Garnick et al. 2000). With a specific pressure, the probe will proceed until a reaction pressure
developed from deformation of tissues (Aguero et al. 1995). Tissue pressure that resists probe
displacement depends on tissue morphology including loss of connective tissue attachment and the
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severity of tissue inflammation. Accordingly, this tissue pressure will vary (Aguero et al. 1995). With
treatment, inflammation is reduced and/or tissue attachment is increased, the resistance to probing
pressure is increased and the displacement of the probe will be less. The difference in probing depth
therefore reflects a reduction of inflammation and the response to treatment (Garnick et al. 2000).
Based on the results presented in Table 3a and 3b, a clear difference between diseased and
healthy/treated tissue is apparent with respect to increase of probing depth. The increase in PPD in
relation to pressure increase (N/cm2) is approximately twice as high in diseased sites.

Conclusion
The results of the present review show that with increasing probing pressure the PPD increases. The
dimensions of the increase are dependent on the periodontal tissue conditions. PPD showed a mean
increase of 0.004mm per increase of 1 N/cm2 at diseased sites and 0.002mm at healthy/treated sites.
Both can be used as a correction factor for the comparison of outcomes of studies that have employed
different probing pressures.
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As stated in the introduction, a proper diagnosis is a prerequisite in order to be able to deliver optimal
treatment. During the last century the periodontal probe has evolved into an effective instrument for
periodontal examination. The research in this thesis was carried out to improve our understanding
concerning several aspects of the use of a periodontal probe in gingivitis, treated and un-treated
periodontitis. The general aim was to investigate the influence of the design of the probe itself on
accuracy and reproducibility in periodontal probing as well as the effect of probing pressure on the
assessment of the attachment level.

Periodontal examination; gingivitis
During the last decades many studies have been published on various aspects of periodontal probing.
The histological position of the probe tip in the sulcus or pocket, proved to be influenced by two main
variables i.e. degree of inflammation and probing pressure. In gingivitis however, the pressure used
when probing the marginal periodontal tissues appeared less important than the method of
stimulating bleeding of the marginal periodontal tissues (bleeding on probing to the bottom of the
pocket vs. bleeding on marginal probing). In gingivitis the apical termination of the junctional epithelium
is still at the CEJ and the inflammatory infiltrate is mainly restricted to the coronal portion of the gingival
tissues. Therefore in order to attain bleeding after probing in gingivitis, the probing technique is a critical
factor. It was suggested in the literature that the Eastman Interdental Bleeding (EIB) index was able to
identify more approximal inflammation than the bleeding on marginal probing (BOMP) index. In
CHAPTER 2 the two methods of provoking bleeding of the marginal gingiva were tested for the validity
of this suggestion. For this study 43 subjects were selected based on having established moderate
gingivitis without interdental recession of the gingival tissues. Plaque was scored on all approximal
sites after which the BOMP index was assessed in 2 contra-lateral quadrants and the EIB index in the
opposing quadrants in a split-mouth design. The results showed for the BOMP index a score of 84%
and for the EIB a score of 87% bleeding. The significant correlation between plaque and gingival
bleeding for the BOMP index (0.55) was higher than for the EIB index (0.44). In a subsequent
experiment, the 2 methods were tested in an experimental gingivitis model involving 25 subjects, in
which at random in one quadrant the development of gingivitis was prevented by daily flossing. At
baseline, both indexes were assessed at all approximal sites. In the experimental gingivitis quadrant,
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the BOMP index increased to 69% and the EIB index to 73%. Both indices showed a significant
correlation with plaque; 0.60 and 0.64 respectively. In the quadrant with flossing as intervention, the
BOMP index increased to 38% and the EIB index to 30%. In conclusion, the suggestion in the literature
that the EIB is able to identify more inflammation could not be confirmed according to the present
results. It appears that the ability of the BOMP index and the EIB index to assess the level gingival
inflammation is comparable.

CEJ detection: Accuracy of detection
In order to determine the amount of loss of attachment as well as further breakdown, it is essential to
be able to measure the distance between the CEJ and the most coronal connective tissue attachment
level. Determination of the CEJ is therefore the first step in achieving an accurate probing attachment
level measurement. The CEJ is often positioned subgingivally and difficulties are experienced in the
accurate clinical assessment of this anatomical landmark. Therefore choosing the probe with the best
properties in determining the correct position of the CEJ is the first step in achieving a correct
diagnosis. It was hypothesized that with changing the shape of the tip of the probe the tactility would
improve and the validity of the assessment of the CEJ would increase. In this respect the Vivacare TPS
beveled-ball was proposed in the literature as the superior probe. In CHAPTER 3 Vivacare TPS beveledball probe was tested against the Merritt-B probe and ball-ended CPITN probe in terms of the accuracy
and precision with which the CEJ could be assessed in both deciduous and permanent teeth. In an ‘in
vitro’ model, consisting of 70 extracted permanent and 30 deciduous human teeth mounted in plaster
with an artificial gingiva made of silicone rubber, with each probe duplicate CEJ assessments were
carried out at six sites per tooth by 4 examiners. Upon completion of the measurements the distance
between the CEJ and the artificial gingival margin was determined using a stereomicroscope. Results
indicate that on average the Vivacare TPS estimated the CEJ 0.19mm coronal of its microscopically
assessed position. The Merrit-B assessed the CEJ 0.05 mm apical and the CPITN probe 0.11mm
coronally of its actual position. In deciduous teeth again the Vivacare TPS probe and the CPITN
estimated the CEJ coronal of the true position (0.35 and 0.63mm resp.) whereas the Merrit-B placed it
apically (0.02mm). In both permanent and deciduous teeth only the measurements performed with
the Merrit-B were on average not significantly different from the microscopic assessment. In
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conclusion, based on the results, increasing the tactility of the probe by changing the shape of the tip
did not produce a more valid estimation of the location of the CEJ. The use of the Meritt-B probe
offered the most accurate assessment of the location of the CEJ in both permanent and deciduous
teeth. It can be speculated that, due the irregular enamel surface texture close to the CEJ, the
increased tactility of the TPS probe and the CPITN probe may have been suggestive to assess the
irregular surface texture to be the CEJ.

Tine shape and probing pocket depth
It is apparent from the existing literature that probe penetration, assuming that forces are controlled,
depends on the degree of inflammation in the adjacent soft tissue, probe tine diameter and also tine
shape. The resistance offered by the periodontal tissues when probing, will increase as the dimensions
of the probe tine increases. First the influence of the shape of the probe tine on the probing pocket
depth was investigated for a tapered, parallel and ball-ended WHO tine at two probing pressure levels.
For this purpose 12 patients, treated for moderate to severe periodontitis, were selected (CHAPTER 4).
All three tine shapes, each with a diameter of 0.5 mm at the tip, were mounted in hinged handles
exerting a constant probing force (Brodontic®). The handles were adjusted to either 0.25 N (1270 kPa)
or 0.5 N (2550 kPa). Using all 6 possible tine/force combinations in 3 sessions, in each session, one tine
force combination was used in the 2 contra-lateral quadrants, and another tine/force combination in
the 2 opposing quadrants. The measurements in the same quadrants could therefore be used for
comparisons within the same site. Differences (mean per patient) between probing depth
measurements show that the WHO tine yields deeper recordings than the parallel/sided and tapered
tines, both at 1270 kPa and 2550 kPa. It was concluded that, in addition to probing force, the tine
shape of a periodontal probe is of significant influence on the recorded probing pocket depth.
However it can be questioned which probe tine is best in determining the actual attachment level. In
order to provide data to establish which tine shape is best in assessing the most coronal connective
tissue level, the probe penetration in relation to the microscopically assessed attachment level was
assessed of sites with untreated periodontal disease using 4 probing pressures (CHAPTER 5). Since in
untreated periodontal disease the resistance offered to the probe tip is limited, 4 relatively low
probing pressures were used to reach the intended level of attachment (510 kPa, 760 kPa, 1020 kPa
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and 1270 kPa). In 22 patients, scheduled for partial or full mouth tooth extraction, 135 teeth were
selected. At mesial and distal sites of the teeth reference marks were prepared using a diamond fissure
burr. The three probe tines (tapered, parallel and ball-ended WHO tine shape) all with a diameter at
the tip of 0.5 mm, were mounted in a modified Florida Probe® handpiece. The tine shapes were
distributed at random over the sites. At each site increasing probing pressures were used. After
extraction, the teeth were cleaned and stained for connective tissue attachment. The distance
between the reference mark and the attachment level was determined using a stereomicroscope. The
clinical results showed that the parallel and ball-ended tine compared to the microscopic assessment
reached, on average, more apical at all force levels. With increasing forces, the parallel tine stopped
0.96 to 1.38 mm and the ball-ended tine 0.73 to 1.06 mm beyond of the microscopically assessed
attachment level. The tapered tine did not deviate significantly from the microscopic values at the
pressures of 760 kPa, 1020 kPa and 1270 kPa. It was concluded that for the optimal assessment of the
attachment level in inflamed periodontal conditions, a tapered probe with a probing pressure of 1270
kPa (tip diameter of 0.5 mm and probing force 0.25 N), may be best suitable.

Instrument shape in periodontal treatment
For subgingival debridement it is necessary that the periodontal instruments reach to the bottom of
the pathological pocket in order to clean adequately. Since the influence of tine shape on probing was
established in both treated and untreated periodontal tissues, it was hypothesized that a slim
ultrasonic tip reaches a more apical position when penetrating a periodontal pocket compared to the
working tip of a conventional Gracey curette (CHAPTER 6). 20 untreated periodontitis and 15
periodontal maintenance patients were selected, based on the presence of at least one tooth with a
site with a pocket of ≥ 5mm in each quadrant. Recordings were made at the 4 approximal sites of the 4
experimental teeth in each patient. First the probing pocket depth was established using a pressure
controlled probe with a tapered tip (probing pressure 1530 kPa). Secondly in randomized order the
penetration depth was assessed with an EMS PS Ultrasonic Tip and a Gracey curette. Comparing the
penetration of the instruments between groups, as related to the probing pocket depth
measurements, only in the periodontitis group the ultrasonic tip reached a significantly more apical
level. Therefore in untreated periodontitis, the slim ultrasonic tip offers a better chance for an optimal
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subgingival debridement in the deeper parts of the pockets compared to traditional curettes. However
the deeper penetration of the ultrasonic tip might induce a risk for greater trauma to the coronal
connective tissue attachment than the Gracey curette. Based on the literature this appears not to be a
major factor in the clinical treatment outcome.

Reproducibility of periodontal probing in maintenance
It seems likely that in clinical research, which is periodontal probe-dependent, the use of pressure
controlled probes with the optimal tine shape, probe diameter, standardization of location and
direction combined with direct data entry into a computer, might improve the accuracy and
reproducibility of the study outcomes. In untreated periodontal patients however, probing errors due
to loss of tactility by remaining calculus or overcontouring of restorations remains a disadvantage
using a pressure controlled probe. Also a proper assessment of the root anatomy is difficult with these
probes. Therefore despite the advantages described on pressure probes, still the conventional
periodontal probe is the most frequently used probe in daily periodontal practice. Upon completion of
periodontal treatment monitoring the periodontal health status is necessary to establish stability over
time. It may be hypothesized that in maintenance care with relatively shallow pockets force controlled
probes may perform better that the manual probe. In CHAPTER 7 the manual probe is tested for its
reproducibility in probing pocket depth assessment against three commercially available systems with
pressure control. In 12 periodontal maintenance patients duplicate measurements were made at day 0
and 1 week later. In each patient four teeth with the deepest pockets were measured at six sites. In
total 288 sites were available for comparisons. The Florida Probe® (1590 kPa), the Jonker Probe® (1530
kPa), the Brodontic® probe (2550 kPa) and the manual probe were used in a randomized scheme.
Mean probing measurements showed for the Florida Probe® and the Jonker Probe® lower recordings
than for the Brodontic® probe and manual probe. The Florida Probe®, the Brodontic® probe and the
manual probe showed no differences between the duplicate measurements, except for the Jonker
Probe® where the second assessment was deeper. For the Brodontic® probe and the manual probe the
correlation coefficients between measurements at day 0 and 1 week were 0.90 and 0.89, respectively,
while for the Florida Probe® and the Jonker Probe® they were 0.76 and 0.75, respectively. In
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conclusion the Brodontic® probe and the manual probe appear to be reliable tools for reproducible
probing pocket depth measurements in periodontal maintenance patients.

Probing pressure and study outcomes
In a systematic review on the influence of probing pressure on the probing pocket depth a variety of
probe designs, probing pressures and periodontal tissue conditions was found in the literature.
Comparison of the different study results proved to be difficult for the substantial amount of variation
of the formentioned factors. Therefore, in this study, an attempt was made to calculate a correction
factor that compensates for different probing pressures employed in both disease and health when
comparing study outcomes. The MEDLINE-PubMed and Cochrane Central Register of controlled trails
(CENTRAL) were searched up to June 2008 to indentify appropriate studies. The search resulted in
3032 titles and abstracts. In total 5 papers fulfilled the eligibility criteria. These studies provided data
with probing pressures ranging from 510 to 9950 kPa. For the evaluation of the results a distribution
was made between diseased and healthy/treated sites. The incremental change in probing pocket
depth in healthy/treated sites decreased as the pressure increased above 3980 kPa. In diseased sites
this phenomenon was already present at pressures above 1000 kPa. At healthy/treated sites a mean
increase of probing pocket depth could be calculated of 0.002mm per increase of 10 kPa in probing
pressure whereas at diseased sites this value amounted to 0.004mm. The amount of increases of
probing pocket depth per 10 kPa probing pressure can be used as correction factors when comparing
study outcomes of studies using different probing pressures for assessment of the probing pocket
depth. For instance Badersten et al. (1984), when evaluating the effect of non-surgical periodontal
therapy, performed their measurements with a probing force of 0.75N with a tip diameter of 0.5 mm
which amounts to a probing pressure of 3820 kPa. Results showed twelve months after treatment with
hand instruments a mean overall PPD of 3.8 mm. In the study of Kaldahl et al. (1988) a probing force of
0.5 N with a tip diameter of 0.35 mm (5190 kPa) was used when testing the effect of four treatment
modalities. The probing pressure used in this study is an increase in probing pressure of 38% compared
to Badersten et al. (1984). The mean PPD in sites treated within the non-surgical periodontal therapy
modality, was 4.26 mm after 12 months (Kaldahl et al. 1988). In order to be able to compare the
probing depth after treatment of the 2 studies, the probing pressure of the Badersten study should be
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adopted to the level that was used in the Kaldahl study with a corresponding mean PPD increase. This
can be achieved by using the correction factor of 0.002 mm increase per 10 kPa for healthy/treated
sites. Thus the discrepancy of 1370 kPa between the pressures used in the 2 studies times 0.002 is
0.27mm. So, if in the Badersten study the same probing pressure was used as in the Kaldahl study, the
probing depth would have been 4.07 mm. This probing depth value appears to be in closer range of
the 4.26 mm as presented by Kaldahl et al. (1988). The study outcome of both studies appears
therefore to be in line. Based on the results of this study, it is necessary to use probing pressure as the
unit of measure in describing probing if comparison of different study outcomes is to be performed. In
this the calculated correction factors may be valid tools to overcome different probing pressures used.

Concluding remarks
The periodontal probe is a multi-purpose tool. It can be used to assess bleeding, pocket depth and
attachment level. However all measurements are a reflection of the actual reality and may not
represent either the true level of inflammation or the histological dimensions of the pocket. Since the
probe is the best we have for clinical diagnosis, this thesis evaluated various aspects of probing
periodontal pockets around teeth. What stands out from this research is that probe tine shape and
probing pressure are the most important parameters. On average the manual probe with a tapered
tine seems to be a suitable instrument for daily practice. A probing pressure of approximately 1270
kPa (tip diameter 0.5 mm and probing force 0.25N) would suffice in untreated disease to identify the
most coronal connective tissue attachment level. However clear under- and overestimations of this
attachment level will occur in individual cases. In treated pockets the suggested tip diameter and
probing force combination, although reproducible in its probing pocket depth measurements, will lead
to a coronal position of the probe tip to the connective tissue level. In some instances, due to the
increased tissue tonus of the marginal gingiva after treatment, the resistance offered to the probe tine
used (diameter of 0.5 mm) prevents the probe tip from entering the periodontal pocket. It can be
speculated that a probe tine with a smaller diameter would facilitate improved access into pockets in
treated periodontal tissues.
Despite the limitations of probing there is an abundance of research available in the
literature that has supported the value of probing pocket depth measurements in risk management.
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The research on probing up to this point in time has focused on the location of the most coronal
connective tissue attachment. Nevertheless, it may be questioned whether the ultimate goal should be
the ability to diagnose this level both in health and disease for a proper risk assessment in periodontal
disease. Apart from specific periodontal regenerative procedures, successful periodontal treatment
results in a long junctional epithelium rather than new connective tissue attachment. It has been
shown that the barrier function of a long junctional epithelium against plaque is not inferior to that
provided by a dentogingival epithelium of normal length. In experimental animal models no difference
was observed in the penetration of the inflammatory lesion into the gingival tissues resulting from
plaque infection. Therefore the resistance to disease for both types of attachment appears
comparable (Magnusson et al.1983; Beaumont et al. 1984). Supporting this view are the defense
mechanisms provided by the junctional epithelium itself. Through relatively quick cell exfoliation and
secretion of active antimicrobial substances, a first line of defense is formed against microbial invasion
of the tissue (Pöllänen et al. 2003). Up to now it has not been possible to clinically evaluate whether a
long junctional epithelial attachment is just as good as a connective tissue attachment. Therefore,
further research should be aimed to support the hypothesis considering the most coronal junctional
epithelial attachment as the true level of attachment in both healthy and diseased periodontium. For
this development of an instrument able to diagnose the location of this attachment level is essential.
This instrument could allow in time for a more accurate diagnosis resulting in a more efficient
treatment and an improved risk assessment of periodontal disease.
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Zoals in de inleiding gesteld, is een correcte diagnose een eerste vereiste voor een optimale
tandheelkundige zorg. In de loop van de vorige eeuw heeft de parodontale sonde zich wat dat betreft
tot onmisbaar instrument voor klinische parodontale diagnostiek ontwikkeld. Het voor dit proefschrift
verrichte onderzoek beoogt een beter inzicht te verschaffen in verschillende aspecten van het gebruik
van een parodontale sonde bij patiënten met gingivitis, bij onbehandelde en behandelde parodontitis.
Het algemene doel was te onderzoeken in hoeverre de nauwkeurigheid en reproduceerbaarheid van
metingen uitgevoerd met parodontale sondes worden beïnvloed door de vorm van de sonde zelf en in
hoeverre de sondeerdruk van invloed is op vaststellen van het aanhechtingsniveau.

Parodontaal onderzoek; gingivitis
In de laatste decennia zijn er vele onderzoeken gepubliceerd over uiteenlopende aspecten van het
parodontale sonderen. Het bleek dat de histologische positie van de sondetip in de sulcus of pocket
met name van twee variabelen afhankelijk is, namelijk de mate van ontsteking van de parodontale
weefsels en de sondeerdruk. In het geval van gingivitis bleek dat de gebruikte druk bij het sonderen
van de marginale parodontale weefsels minder belangrijk was dan de methode om het bloeden van
deze weefsels te op te wekken (bloeding bij sonderen tot de bodem van de pocket tegenover bloeding
bij marginaal sonderen).
Bij gingivitis bevindt de apicale begrenzing van het aanhechtingsepitheel zich nog steeds ter
hoogte van de glazuur-cementgrens en het ontstekingsinfiltraat is grotendeels beperkt tot het coronale
gedeelte van de gingiva. Bij gingivitis is daarom de sondeertechniek een kritische factor. In de literatuur zijn
aanwijzingen te vinden dat met behulp van de Eastman Interdental Bleeding (EIB) index meer
approximale ontstekingen opgespoord kunnen worden dan met de Bleeding On Marginal Probing
(BOMP) index. In HOOFDSTUK 2 worden deze twee indexen op hun validiteit getoetst. Voor dit
onderzoek werden 43 proefpersonen geselecteerd met een matig ernstige gingivitis zonder
interdentale recessie. Op alle approximale vlakken werd de plaquescore bepaald, waarna in een splitmouth design in 2 contralaterale kwadranten de BOMP-index en in de tegenoverliggende kwadranten
de EIB-index werd bepaald. De resultaten leverde een bloedingsneiging op van 84 % voor de BOMPindex en 78% voor de EIB-index. De significante correlatie tussen plaque en bloedingsneiging was voor
de BOMP-index (0,55) hoger dan voor de EIB-index (0,44). In een vervolg onderzoek werden de twee
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methoden in een experimenteel gingivitismodel getest waarin bij 25 proefpersonen de ontwikkeling
van gingivitis in één willekeurig kwadrant door dagelijks flossen werd afgeremd. Tijdens de
experimentele-gingivitis steeg de BOMP-index tot 69 % en de EIB-index tot 73 %. Voor beide indices
kon een significante correlatie met de hoeveelheid plaque worden vastgesteld, respectievelijk 0,60 en
0,64. In het kwadrant dat door flossen was behandeld, bereikte de BOMP-index 38 %, de EIB-index
30 %. Samenvattend kan gesteld worden dat de aanwijzingen in de literatuur dat met behulp van de
EIB-index meer ontsteking opgespoord zou kunnen worden, door de uitkomsten van dit onderzoek
niet bevestigd konden worden. Dit onderzoek geeft aan dat zowel met de BOMP-index als de EIB-index
de mate van tandvleesontsteking kan worden bepaald.

Bepaling van de glazuur-cementgrens: nauwkeurigheid van de bepaling
Om de mate van aanhechtingsverlies en verdere afbraak te kunnen vaststellen, is het van essentieel
belang de afstand tussen de glazuur-cementgrens (CEJ Eng: cemento-enamel junction) en de locatie
van de meest coronale bindweefselaanhechting te kunnen vaststellen. De bepaling van de CEJ is
daarom de eerste stap om tot een nauwkeurige meting van het klinisch aanhechtingsniveau te komen.
De CEJ ligt vaak onder het tandvlees, wat de nauwkeurige klinische bepaling van dit anatomische
oriëntatiepunt lastig maakt. De keuze van een sonde met de beste eigenschappen om de positie van
de CEJ correct te kunnen bepalen, is de eerste stap om tot een betrouwbare diagnose te komen. Wij
veronderstelden dat met een verandering van de vorm van de sondetip het tactiele gevoel zou
verbeteren en daarmee de validiteit van de bepaling van de CEJ zou toenemen. In dit verband werd in
de literatuur de Vivacare TPS-sonde, met een afgeschuinde bolvormige tip, als beste sonde
aangemerkt. HOOFDSTUK 3 beschrijft een onderzoek waarbij de Vivacare TPS-sonde werd vergeleken
met de Merritt-B-sonde en de CPITN-sonde, die een zuiver bolvormig uiteinde heeft. In dit onderzoek
werd de nauwkeurigheid onderzocht waarmee zowel bij melkelementen als bij blijvende
gebitselementen de CEJ kon worden bepaald. Hiervoor werd een “in vitro” model vervaardigd gebruik
makend van geëxtraheerde melkelementen (30) en blijvende gebitselementen (70). Deze werden
afzonderlijk met de tandwortel in een mal van gips geplaatst waarbij de CEJ zichtbaar bleef. Daarna
werd deze bedekt met een kunstmatige gingiva van siliconenrubber. Vier onderzoekers voerden op 6
locaties per tand met iedere sonde de CEJ-bepaling in duplo uit. Nadat alle metingen waren verricht,
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werd met behulp van een stereomicroscoop de afstand tussen de CEJ en de kunstmatige gingivarand
nauwkeurig bepaald. Op basis van de uitkomsten werd de CEJ met de Vivacare TPS gemiddeld 0,19
mm coronaal van zijn microscopisch bepaalde positie gesitueerd. Met de Merrit-B werd de CEJ 0,05
mm apicaal en met de CPITN-sonde 0,11 mm coronaal van zijn werkelijke positie waargenomen. Bij de
melkelementen werd de CEJ eveneens met de Vivacare TPS-sonde en met de CPITN-sonde coronaal
van zijn werkelijke positie gesitueerd (resp. 0,35 en 0,63 mm), terwijl hij met de Merrit-B apicaalwaarts
werd geïdentificeerd (0,02 mm). Zowel bij de blijvende als ook bij de melkelementen weken alleen de
met de Merrit-B uitgevoerde metingen gemiddeld niet significant af van de microscopische bepaling.
Uit de resultaten valt te concluderen dat de vergroting van de gevoeligheid van de sonde door
verandering van de vorm van de sondetip niet tot een betere inschatting van de positie van de CEJ
heeft geleid. Het gebruik van de Meritt-B-sonde maakte zowel bij blijvende als ook bij melkelementen
de meest nauwkeurige bepaling van de positie van de CEJ mogelijk. Het lijkt waarschijnlijk dat, gegeven
de onregelmatige oppervlaktestructuur van het tandglazuur dicht bij de CEJ, de verhoogde
gevoeligheid van de TPS-sonde en de CPITN-sonde ertoe geleid heeft dat deze onregelmatige
oppervlaktestructuur mogelijk onterecht voor de CEJ werd aangezien.

Vorm van de sondetip en sondeerdiepte
Uit de bestaande literatuur blijkt dat de penetratie van de sondetip, uitgaande van een gelijkblijvende
sondeerkracht, afhangt van de mate van ontsteking in het aangrenzende zachte weefsel alsmede ook
van de diameter en de vorm van de sondetip. De weerstand van de parodontale weefsels bij het
sonderen neemt toe naarmate de afmetingen van de sondetip groter worden. In dit onderzoek werd
eerst de invloed van de vorm van de sondetip op de sondeerdiepte onderzocht. Dit werd uitgevoerd
voor een taps toelopende, een parallelle en een in bolvorm eindigende tip (WHO-sonde) met twee
sondeerdrukniveaus. Hiervoor werden 12 patiënten geselecteerd die behandeld waren voor matig
ernstige tot ernstige parodontitis (HOOFDSTUK 4). Alle drie de tipvormen, elk met een diameter van
0,5 mm aan het uiteinde, werden op scharnierende handvaten gemonteerd die een constante
sondeerkracht overbrengen (Brodontic®). De handvaten werden afgesteld op 0,25 N (1270 kPa) of 0,5
N (2550 kPa). In 3 sessies werden alle 6 mogelijke combinaties van tipvorm en kracht toegepast,
waarbij in iedere sessie in twee contralaterale kwadranten één tipvorm/kracht-combinatie werd
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toegepast en in de twee tegenoverliggende kwadranten een andere. Zodoende konden de in dezelfde
kwadranten verrichte metingen gebruikt worden voor vergelijkingen binnen dezelfde site. Uit de
resultaten bleek dat op basis van de gemiddelde verschillen in pocketdiepte per patiënt, de WHO-tip
met de beide sondeerdrukniveaus, dieper meet dan de twee andere sondevormen. Geconcludeerd
werd dat naast de sondeerkracht ook de tipvorm van een parodontale sonde een significante invloed
heeft op de gemeten pocketdiepte. Echter welke van deze sondevormen het meest geschikt is in het
vaststellen van het werkelijke aanhechtingsniveau is niet duidelijk. De klinisch gemeten pocketdiepte
geeft geen informatie over de werkelijke positie van de meest coronale bindweefselaanhechting. In
HOOFDSTUK 5 is op basis van geëxtraheerde elementen gekeken naar de invloed van de sondevorm
op het bepalen van de meest coronale bindweefselaanhechting. Bij onbehandelde parodontitis werd
met 3 verschillende sondevormen (taps toelopend, parallel en WHO-tip) bij 4 sondeerdrukken, de
penetratie van de sondetip in relatie tot het microscopisch vastgestelde aanhechtingsniveau
beoordeeld. Aangezien bij onbehandelde parodontitis de weerstand die de sondetip ondervindt
beperkt is, werden 4 relatief lage sondeerdrukken gebruikt om het bedoelde aanhechtingsniveau te
bereiken (510 kPa, 760 kPa, 1020 kPa en 1270 kPa). Er werden 135 elementen geselecteerd in 22
patiënten waarbij een gedeeltelijke of totale extractie van de tanden was gepland. Aan de mesiale en
distale zijde van de elementen werden met behulp van een diamanten fissuurboor
referentiemerktekens aangebracht. De drie sondetippen, elk met een diameter van 0,5 mm aan het
uiteinde, werden op een gemodificeerd Florida Probe® handvat gemonteerd. De sondes werden
willekeurig over de gemerkte locaties verdeeld. Op iedere locatie werd met oplopende
sondeerdrukken gemeten. Na de extractie werden de elementen gereinigd en gekleurd om de
bindweefselaanhechting zichtbaar te maken. De afstand tussen het referentiemerkteken en het
aanhechtingsniveau werd met behulp van een stereomicroscoop bepaald. Uit de resultaten bleek dat
de parallelle sondetip en de WHO tip vergeleken met de microscopische bepaling op alle drukniveaus
gemiddeld een verder apicaalwaarts gelegen positie bereikten. Dit varieerde met oplopende druk van
0,96 tot 1,38 mm met de parallelle sondetip en 0.73 tot 1.06 mm met de WHO tip. De taps toelopende
tip week bij de drukniveaus van 760 kPa, 1020 kPa en 1270 kPa niet significant van de microscopisch
bepaalde waarden af. Er werd geconcludeerd dat voor een optimale bepaling van het
aanhechtingsniveau in situaties met een ontstoken parodontium een taps toelopende sonde
waarschijnlijk het meest geëigend is.
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Vorm van het instrument bij parodontale behandelingen
Voor een subgingivale reiniging moeten de parodontale instrumenten tot de bodem van de
pathologische pocket reiken om adequaat te kunnen reinigen. Nu eenmaal was vastgesteld dat de
vorm van de sondetip zowel bij behandelde als bij onbehandelde parodontale weefsels van invloed is
op de sondeerdiepte, werd de hypothese geformuleerd dat een dunne, ultrasone tip bij de penetratie
van een parodontale pocket een verder apicaalwaarts gelegen positie bereikt dan het werkblad van
een traditionele Gracey-curette (HOOFDSTUK 6). 20 Patiënten met onbehandelde parodontitis en 15
patiënten in parodontale nazorg werden geselecteerd op basis van de aanwezigheid van ten minste
één element met een pocket van ≥ 5 mm in elke kwadrant. Bij deze 4 elementen werden metingen
verricht op 4 approximale vlakken. Eerst werd de pocketdiepte vastgesteld met behulp van een
constante-druksonde met een taps toelopende tip (sondeerdruk 1530 kPa). Vervolgens werd, in
willekeurige volgorde, de penetratiediepte bepaald met een EMS PS Ultrasonic Tip en een Graceycurette. Bij de vergelijking van de penetratiediepte van de twee instrumenten bleek dat, in vergelijking
met de pocketdiepte metingen, in de onbehandelde parodontitisgroep de ultrasone tip een significant
meer apicaalwaarts gelegen niveau bereikte. De dunne, ultrasone tip biedt daarmee bij behandeling
van parodontitis een betere mogelijkheid voor een optimaal subgingivale reiniging in de dieper
gelegen gedeelten van de pockets dan traditionele curettes. De diepere penetratie van de ultrasone tip
zou echter ook het risico op een groter trauma van de coronale bindweefselaanhechting met zich mee
kunnen brengen dan de Gracey-curette. Uit de literatuur blijkt echter niet dat dit van wezenlijke
invloed is op het klinische behandelingsresultaat.

Reproduceerbaarheid van metingen in de parodontale nazorg
Het lijkt waarschijnlijk dat in klinisch onderzoek waarbij met parodontale sondes wordt gewerkt, de
combinatie van het gebruik van een constante-druksonde met de optimale tipvorm/diameter, de
standaardisering van plaats en sondeerrichting en de directe data-invoer in een computer, de
nauwkeurigheid en reproduceerbaarheid van de onderzoeksresultaten zou kunnen verbeteren. Bij
patiënten met onbehandelde parodontitis echter kunnen tandsteenresten of overstaande restauraties
door het verlies aan tactiel gevoel tot vergissingen bij het sonderen leiden, wat een nadeel voor het
gebruik van een constante-druksonde blijft. Ook een correcte bepaling van de anatomie van de wortel
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is eigenlijk onmogelijk met dit soort sondes. Daarom is de traditionele parodontale sonde ondanks de
beschreven voordelen van constante-druksondes nog steeds de meest gebruikte sonde in de dagelijkse
parodontale praktijk.
Na voltooiing van een parodontale behandeling moet de parodontale gezondheidsstatus
regelmatig worden gecontroleerd om ervoor te zorgen dat deze in de loop van de tijd stabiel blijft.
Men zou kunnen veronderstellen dat in de nazorg, met relatief ondiepe pockets, constantedruksondes, waarschijnlijk beter presteren dan de handsonde. In HOOFDSTUK 7 werd bij nazorg
patiënten de reproduceerbaarheid van pocketdiepte metingen door de handsonde vergeleken met
drie commercieel verkrijgbare systemen met vaste druk instelmogelijkheid. Bij 12 patiënten in
parodontale nazorg werden metingen in duplo verricht, op dag 0 en 1 week later. Bij iedere patiënt
werd bij 4 tanden met de diepste pockets op 6 locaties gemeten. Zo waren in totaal 288 locaties
beschikbaar voor vergelijkingen. De Florida Probe® (1590 kPa), de Jonker Probe® (1530 kPa), de
Brodontic®-sonde (2550 kPa) en de handsonde werden volgens een gerandomiseerd schema gebruikt.
Bij de Florida Probe® en de Jonker Probe® leverden de pocketdiepte metingen gemiddeld lagere
waarden op dan bij de Brodontic®-sonde en de handsonde. De Florida Probe®, de Brodontic®-sonde en
de handsonde toonden geen verschillen tussen de eerste en tweede meting; alleen bij de Jonker
Probe® leverde de tweede bepaling een grotere diepte op. Voor de Brodontic®-sonde en de
handsonde bedroegen de correlatiecoëfficiënten tussen de metingen op dag 0 en 1 week later
respectievelijk 0,90 en 0,89, terwijl ze voor de Florida Probe® en de Jonker Probe® respectievelijk 0,76
en 0,75 waren. Samenvattend kan worden gesteld dat de Brodontic®-sonde en de handsonde
betrouwbare instrumenten lijken te zijn voor reproduceerbare pocketdiepte metingen bij patiënten in
de parodontale nazorgfase.

Sondeerdruk en onderzoeksresultaten
Bij het systematisch in kaart brengen van de invloed van de sondeerdruk op de sondeerdiepte werd in
de literatuur een verscheidenheid aan sondevormen, sondeerdrukken en nivo’s van parodontale
gezondheid aangetroffen. Een vergelijking van de verschillende onderzoeksresultaten bleek moeilijk
vanwege de grote mate van variatie van de bovengenoemde factoren. Daarom werd in dit onderzoek
een poging gedaan om een correctiefactor te berekenen, waarmee de verschillende sondeerdrukken
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die in de literatuur zijn gebruikt, bij de vergelijking van onderzoeksresultaten verdisconteerd kunnen
worden. De databases MEDLINE-PubMed en Cochrane Central Register of Controlled Trials (CENTRAL)
werden tot juni 2008 doorzocht op relevante onderzoeken, wat in eerste instantie 3032 titels en
samenvattingen opleverde. In totaal leverde 5 artikelen voldoende informatie om te kunnen gebruiken
voor deze review. Deze onderzoeken leverden gegevens op die met sondeerdrukken tussen de 510 en
9950 kPa waren verkregen. Voor de beoordeling van de resultaten werd een indeling gemaakt in
ontstoken en gezonde/behandelde pockets. Bij gezonde/behandelde pockets verminderde de
graduele toename van de sondeerdiepte wanneer de druk boven de 3980 kPa uitkwam. Bij ontstoken
pockets trad dit fenomeen al bij sondeerdrukken boven de 1000 kPa op. Op basis hiervan kon bij
gezonde/behandelde pockets per 10 kPa toename van de sondeerdruk een gemiddelde toename van
de sondeerdiepte van 0,002 mm worden berekend, terwijl deze waarde bij ontstoken pockets opliep
tot 0,004 mm. Deze cijfers voor de toename van de sondeerdiepte per 10 kPa sondeerdruk kunnen als
correctiefactoren worden gebruikt wanneer de resultaten van onderzoeken worden vergeleken waarin
de pocketdiepten bij verschillende sondeerdrukken zijn bepaald. Bijvoorbeeld Badersten et al. (1984)
voerden hun metingen voor de beoordeling van het effect van een niet-chirurgische parodontale
behandeling uit met een sondeerkracht van 0,75 N en een tipdiameter van 0,5 mm, wat neerkomt op
een sondeerdruk van 3820 kPa. De resultaten toonden 12 maanden na behandeling met
handinstrumenten een gemiddelde pocketdiepte van 3,8 mm. In het onderzoek van Kaldahl et al.
(1988) werd een sondeerkracht van 0,5 N bij een tipdiameter van 0,35 mm (5190 kPa) gebruikt om het
effect van vier behandelingsmodaliteiten te toetsen. De voor dit onderzoek gebruikte sondeerkracht
was 38 % hoger dan in het onderzoek van Badersten et al. (1984). De gemiddelde pocketdiepte op
locaties waar een niet-chirurgische parodontale behandeling was toegepast, bedroeg na 12 maanden
4,26 mm (Kaldahl et al. 1988). Om de in de twee onderzoeken gemeten pocketdiepte na behandeling
te kunnen vergelijken, zou de in het onderzoek van Badersten gebruikte sondeerdruk geëxtrapoleerd
moeten worden naar het drukniveau uit het onderzoek van Kaldahl, met de overeenkomstige toename
van gemiddelde pocketdiepte. Dit kan worden bereikt door gebruik van de correctiefactor van 0,002
mm toename per 10 kPa voor gezonde/behandelde locaties. Het verschil van 1370 kPa tussen de in de
twee onderzoeken gebruikte drukken vermenigvuldigd met 0,002 levert een correctie van 0,27 mm op.
Als in het onderzoek van Badersten dezelfde sondeerdruk gebruikt zou zijn als in het onderzoek van
Kaldahl, zou dus een gemiddelde pocketdiepte van 4,07 mm zijn gemeten. Deze waarde voor de
gemiddelde pocketdiepte ligt dichter in de buurt van de door Kaldahl et al. (1988) genoemde 4,26 mm.
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Daarmee blijken de uitkomsten van de twee onderzoeken goed op elkaar aan te sluiten. Op basis van
het resultaat van het hier gepresenteerde onderzoek blijkt dat het essentieel is dat in onderzoek de
sondeerdruk als meeteenheid wordt beschreven. De berekende correctiefactoren kan een passend
handvat zijn om de resultaten verkregen met verschillen in sondeerdrukken verrekenen.

Afsluitende opmerkingen
De parodontale sonde is een veelzijdig instrument. Ze kan worden gebruikt om bloedingsneiging,
pocketdiepte en aanhechtingsniveau te bepalen. Alle metingen zijn echter slechts een reflectie van de
werkelijkheid; het is mogelijk dat ze noch de ware mate van ontsteking noch de histologische omvang
van de pocket weergeven. Aangezien de sonde het beste instrument voor een klinische diagnose is
waar we over beschikken, werden in dit proefschrift verschillende aspecten van het sonderen van
parodontale pockets aan een beschouwing onderworpen. Wat uit dit onderzoek naar voren komt, is
dat de vorm van de sondetip en de sondeerdruk de belangrijkste parameters zijn. Voor de dagelijkse
praktijk lijkt de handsonde met een taps toelopende tip een zeer geschikt instrument (bv. de Williams
probe). Een sondeerdruk van circa 1270 kPa (tipdiameter van 0,5 mm en sondeerkracht van 0,25 N) zal
in onbehandelde parodontitis voldoende zijn om het niveau van de meest coronale
bindweefselaanhechting vast te stellen. In individuele gevallen zal dit aanhechtingsniveau echter
duidelijk te hoog of te laag worden ingeschat. Bij behandelde pockets zal bij de voorgestelde
combinatie van tipdiameter en sondeerdruk ─ ondanks de reproduceerbaarheid van de daarmee
gemeten pocketdiepten ─ de sondetip zich coronaal van het niveau van de bindweefselaanhechting
bevinden. In andere gevallen ondervindt de gebruikte sondetip (diameter van 0,5 mm) door de na de
behandeling toegenomen weefseltonus van de marginale gingiva zo veel weerstand dat het
binnendringen in de parodontale pocket wordt verhinderd. Het lijkt waarschijnlijk dat pockets in
behandelde parodontale weefsels makkelijker te benaderen zijn met een sondetip met een kleinere
diameter.
Ondanks de beperkingen die het sonderen kent, is er veel literatuur beschikbaar die de
waarde van pocketdiepte metingen voor het risicomanagement staven. Tot op dit moment
concentreerde het onderzoek betreffende het sonderen zich op de plaatsbepaling van de meest
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coronale bindweefselaanhechting. Het is echter de vraag of, om tot een correcte risicobeoordeling te
komen bij parodontale aandoeningen, het primaire doel zou moeten zijn dit niveau in gezonde en
ontstoken situaties te kunnen vaststellen. Afgezien van specifieke regeneratieve
behandelmethodieken, leidt een succesvolle parodontale behandeling eerder tot een lange epitheliale
aanhechting dan tot nieuwe bindweefselaanhechting. Het is aangetoond dat een lange epitheliale
aanhechting geen inferieure barrièrefunctie heeft tegen bacteriële plaque vergeleken met een
epitheliale aanhechting van normale lengte. In experimentele diermodellen werd geen verschil
waargenomen voor wat betreft de uitbreiding van de ontsteking in de gingiva ten gevolge van een
infectie op basis van plaque. De weerstand tegen ontsteking lijkt daarom bij een korte en een lange
epitheliale aanhechting vergelijkbaar (Magnusson et al.1983; Beaumont et al. 1984). De
afweermechanismen van het aanhechtingsepitheel waaronder een relatief snelle cel-exfoliatie en de
secretie van actieve antimicrobiële substanties, vormen een eerste afweerlinie tegen een microbiële
invasie (Pöllänen et al. 2003). Verder onderzoek zou daarom erop gericht moeten zijn de hypothese te
onderbouwen dat de meest coronale epitheelaanhechting zowel bij een gezond als bij een ontstoken
parodontium als het relevante aanhechtingsniveau moet worden gezien. Hiervoor moet een
instrument worden ontwikkeld dat het mogelijk maakt de positie van dit epitheliale
aanhechtingsniveau te bepalen. De meting met een dergelijk komt dichter bij een bepaling van de
histologische pocket. Daarmee kan een meer nauwkeurige diagnose leiden tot een efficiëntere
behandelingsplanning en een betere risico-inschatting van parodontale aandoeningen.
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Dit proefschrift en de periode die het overspant in tijd van 1991 tot 2009 is een koppeling tussen
wetenschappelijke inspanning en gebeurtenissen erbuiten. De eerste publicatie stamt uit mijn periode
van de parodontologie opleiding onder leiding van Ubele en Frank. Na een zoektocht in de foto
elastische materialen was het Fridus die de insteek naar het sonderen leverde om toch de
Masterthesis te volbrengen. Na de metingen voor dat eerste onderzoek was het Bruno na zijn komst
naar ACTA in 1993, die elke donderdagochtend met Jurgen en mij werkte aan onze publicaties. Na mijn
afronden van de opleiding was de maatschappelijke tak van het leven aan de beurt. Werken in
Amsterdam en Utrecht; trouwen in 1995 en in het bestuur van NVvP; starten in Rotterdam in 1996.
Toch was de wetenschap niet ver weg. Samen met Hankie haar stuk gemaakt in 1997. 1998 was het
jaar van de geboorte van Tom en even weinig onderzoek. Verhuizing naar Numansdorp en verhuizing
van de kliniek in 1999. Toen weer even wetenschap samen met Mark en Fridus met de publicatie van
“herbs” in 2002. Snel daarna de 2e belangrijkste gebeurtenis in mijn leven, de geboorte van Maite.
Wetenschap (lees Fridus en Ubele) bleef trekken met een doel “boekje”. Vooral door de inspiratie van
deze 2 mannen, de steun van mijn gezin en mijn familie in de kliniek in Rotterdam, ben ik doorgegaan.
Uiteindelijk zijn de publicaties in 2006 en 2009 de afronding van het boekje geworden. Dat het tot
stand komen van een proefschrift niet zonder veel hulp kan ontstaan, mag duidelijk zijn. Een aantal
belangrijke acteurs wil ik daarom in het bijzonder noemen.

Ubele, mijn eerste contact met jou was via de telefoon. Ik had je nummer gekregen via Nico Corba en
vroeg je waarom ik überhaupt een parodontologie opleiding zou doen? Daar ben ik inmiddels wel
achter gekomen. Het kritisch kijken naar wat anderen zeggen en je baseren op de wetenschappelijke
ondergrond is niet meer weg te denken uit mijn dagelijks functioneren. Maar vooral het durven
twijfelen aan alles wat ik doe en afvragen doe ik het goed en kan het beter is wat ik van jou heb
geleerd. Die “comfortabele onzekerheid” geeft mij de mogelijkheid ook verder te kijken dan de
“vertrouwde” omgeving. Daar ben ik je heel erg dankbaar voor, naast alle momenten van frustratie
(door opmerkingen als “… dat kan wel iets mooier worden geformuleerd.”) en grote plezier zoals het
samen zoeken naar het goede citaat in de boeken op je kamer.
Fridus, in de afgelopen 18 jaar heb ik je leren kennen als een onvermoeibaar, onzelfzuchtig en
doortastend vriendje. Door jou onaflatende energie en enthousiasme ben ik steeds doorgegaan. Niet
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alleen tijdens de opleiding maar zeker ook de laatste jaren was jij een onmisbare factor in eigenlijk
alles wat ik heb gedaan in mijn parodontologie loopbaan. Door het werken bij jou, naast de Boelelaan,
heb ik geleerd dat je organisatie en liefde voor je personeel van groot belang is voor het slagen van je
onderneming. Daarnaast heb jij mij altijd gestimuleerd om na te denken over mijn vak waardoor ik van
mijn fouten kon leren. Ik hoop nog vele jaren alle dingen te kunnen doen waar we aan denken en van
dromen.
Mark, onze middagen op ACTA met bespiegelingen over de wetenschap en de rest van de
tandheelkunde/wereld zijn voor mij onmisbare herinneringen. Het proberen om jou denksnelheid bij
te houden, zeker op statistiek gebied, was voor mij al een prestatie. Toch heeft het sparren met jou
over alle onderwerpen die we besproken hebben en nog zeker besproken zullen gaan worden mij
steeds weer verder gebracht en ook mede uiteindelijk dit boekje.
Frank, jij was de eerste persoon die mij meenam in de parodontologie op ACTA. De eerste flap binnen
het uur was met jou. Later in de kliniek op de Boelelaan was dat eigenlijk niet anders. Daar kon is
werken aan mijn kennis en ervaring die ik nu nog steeds dagelijks gebruik. Ook was jij de eerste
waarmee ik onenigheid had op ACTA. Ik kon met mijn maatje Arthur meevliegen in een 747 op en neer
naar Billund met z’n 10nen. Dat kon niet was jouw mening want er was een seminar. Ben toch gegaan.
Gelukkig heeft dat niet in de weg gestaan wat er later kwam. Ik wil je danken voor je mentorschap en
vertrouwen door de jaren heen. Het kon ook niet anders dan jou uit te nodigen voor de oppositie bij
de verdediging van dit proefschrift.
Bruno, door jouw energie en werkethos is het met hard werken toch goed gekomen met mijn eerste
publicatie. Ook onze periode in het bestuur van de NVvP bestond uit hard werken en dan ook hard
relaxen (met witte wijn bij de lunch samen met Herman). Door jou heeft de periode op ACTA samen
met Tiddo, voor mij de implantologie een vlucht gekregen. Het vertrouwen en de vrijheid die je mij
daarbij heb gegeven waardeer is zeer, dank je wel.
Hankie, veel van jou werk staat verwerkt in dit proefschrift. Het afschrijven van jouw publicatie was
vooral gezellig in mijn herinnering. De “taartjes van Hankie”, voor jou een start in de parodontologie
op ACTA, hebben mij genoopt tot het invoeren van veertienduizendvierhonderdveertig 1, 2 en 3tjes
om de statistiek te doen. We konden wel alles erg goed terugvinden door jou foutloze en accurate
aantekeningen in dat mooie ronde handschrift. Mijn dank is groot.
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Christian, voor jou mogelijkheid om tandheelkunde te kunnen gaan studeren moest er
wetenschappelijk onderzoek gedaan worden. Dat was op professioneel gebied eigenlijk het enige wat
we nog niet hadden gedaan. Mede door jouw inzet was de kliniek in Rotterdam een goed
georganiseerde onderneming geworden met de goede mensen. Dat gaf mij de kans om mijn
wetenschappelijke drang te kunnen beantwoorden. Na het doorworstelen van 3032 abstracts en het
maken van een doortimmerde publicatie moet jij de komende jaren ook in titel een collega gaan
worden. Als mens was je dat al lang.
Dagmar, soms had ik het gevoel dat ik naar mezelf zat te luisteren. Was ADHD een afwijking geweest in
mijn jeugd dan was ik zeker zo bestempeld naar mijn gevoel. Dat is iets wat bij jou ook zo had kunnen
zijn. Erg prettig om je van gedachte wisselen en vooral het snelle schakelen voelt goed aan. Ook dank
voor je scherpe pen bij het opschrijven van de Systematisch Review
Jurgen, de opleiding zonder jou en Heleen had er toch wel heel anders uitgezien. Jij als Jurjen, Helène
uiteraard en ik als Piet, hebben onze eerste stappen in de wetenschap gezet. Dat weerspiegelt ook jou
bijdrage aan dit boekje en was de aanzet tot het vervolg wat er nu is.
Arthur, na getuige op mijn huwelijk nu ook paranimf. Je zou toch kunnen zeggen dat we iets met elkaar
hadden. Dank voor je vriendschap, ik hoop er nog lang van te mogen genieten. Krijg graag een
uitnodiging om te opponeren bij jouw promotie. Een Dr. Piloot, hoe zou dat vliegen?
Karel, als mijn kinderen vragen wie is jouw beste vriend dan komen er altijd twee namen. Alfabetisch
kom jij dan als tweede maar spreek het altijd uit als Kartul. Sinds mij twaalfde jaar kwam jij al bij ons
over de vloer en vice versa. Dat is fysiek wel veranderd door woonplaatsen maar verder niet. Ook als
de Marianne er niet meer is gaan we er mee door. Ben erg blij dat je ook op dit feestje bent zoals ook
die allemaal hiervoor.
Laura, ik eindig met de belangrijkste. Zonder jou was deze periode van 1991 tot 2009 er überhaupt
niet geweest. Naast onze professionele carrière blijft ons gezin de spil waarom het draait. Veelal is er
de tijd niet voor om het te zeggen of gaan we er gewoon vanuit dat de ander het wel begrijpt, maar
bedankt dat je mijn maatje bent en voor alle steun en vooral “tips” die ik gevraagd en ongevraagd van
je krijg. Vooral doorgaan zou ik zeggen, mijn hele leven lang graag.
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