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Abstract. Alveolar bone level measurements obtained by transgingival probing
were compared with alveolar bone levels measured during surgery at 178 sites

in 9 patients. Probing depth measurements using cbnstant loads of 30 g and 60

g were also compared with bone levels measured at surgery at the above sites. The
effects of inflammation, location of the site on the tooth surface and tooth type
were also investigated. Transgingival probing was unaffected by these factors and
proved to be an accurate method of measuring alveolar bone levels (r=0.975).
Probing depth measurements were affected by the presence of inflammation,
assessed by the bleeding response to probing, and variation in probing load. The
effect of inflammation was to reduce the mean distance between the probe tip
and the alveolar bone from 2.4 mm to 1.9 mm. None of the relationships between
the measurements were significantly affected by the location of the site on the

tooth surface, or by tooth type.

M. J. Ursell

Depariment of Periodontology and
Preventive Dentistry, U.M.D.8., Guy's and St.
Thomas’'s Hospitals, London, England

Key words: clinical measurements,; transgin-
gival probing.

Accepted for publication 1 March 1288

To date, techniques of non-surgical clin-
ical measurements of alveolar bone
levels have received little attention.
Goadby (1928), Hirschfeld (1953), Eas-
ley (1967) and Tibbetts (1969) described
bone sounding techniques, but their
work did not involve measurements or
comparisons with surgical measure-
ments of alveolar bone levels. Green-
berg, Laster & Listgarten (1976) com-
pared vertical bone sounding measure-
ments, which they called transgingival
probing, with bone levels measured at
surgery on the buccal surfaces of 106
teeth, and found close agreement be-
tween the two methods of measurement.
Probing clinical attachment level
measurements have been compared
with bone level measurements by Suomi
et al. (1968), who showed a wide degree
of variability in the relationship.
However, Renvert et al. (1981) found
a good correlation between clinical at-
tachment level measurements and prob-
ing bone levels when bone levels were

measured during surgery at 62 sites with
intra-bony defects.

The primary aim of the present study
was to investigate the relationship be-
tween measurements of alveolar bone
levels obtained by transgingival probing
and at surgery on a wide range of tooth
types and sites with varying degrees of
inflammation. The secondary aim was
to investigate the relationships between
the above measurements and clinical at-
tachment level measurements using
probing loads of 30 g and 60 g, at the
same sites.

Material and Methods
Subjects and sites

9 periodontal patients aged 20-59 years,
2 male and 7 female, participated in
this study. All had received oral hygiene
instruction, scaling and root planing
prior to the study. 178 sites were stud-
ied, the number of sites per subject

ranged from 10-27. 59 sites were situ-
ated on incisor and canine teeth, 70 sites
on premolar teeth and 49 sites on molar
teeth. Measurements were made at 6
sites on incisor, canipe and premolar
teeth, and at 8 sites on molar teeth, 1n
order to obtain more information about
furcation areas. The 8 sites on lower
molar teeth were mesial and distal on
each of the roots on the buccal and
lingual surfaces. The 8 sites on the upper
molar teeth were (a) mesial and distal
on the buccal surfaces of the buccal
roots; (b) palatal interproximal surfaces
of the buccal roots; (¢} mesial and distal
surfaces of the palatal root.

Procedure

A hard cold cure acrylic overlay was
constructed for each patient, and a he-
mi-cylindrical locating groove for the
probe was placed at each site. This de-
sign was evolved to minimize any fric-
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tional binding whilst providing the
maximum guidance for the probe.

The load sensitive probe used (Vine
Valley research) was fitted with a cus-
tom made tip, which was of identical
dimension to the University of Michi-
gan “O” probe, having the same degree
of taper and a terminal diameter of 0.35
mm. Markings were at 3-10 mms at 1
mm intervals, and at 13, 14 and 15 mm,

The distance between the base of the
overlay, which was shaped to a right
angle to facilitate accurate measure-
ment, and the gingival margin was
measured and recorded. Probing depths
were then recorded, initially with a load
of 30 g, and the bleeding response to
probing was recorded after a 60-s inter-
val. The bleeding response was classi-
fied as nil, discrete or profuse. When
blood did not flow laterally along the
gingival crevice, the response was classi-
fied as discrete: when blood did flow
laterally along the crevice, the response
was classified as profuse (Sidi & Ashley
1984).

At this stage, local anaesthesia was
administered, and the probing depths
were recorded with a load of 60 g. The
load sensitive circuit was then switched
off, and with finger pressure applied in
the line of the probe tip the probe was
advanced through the tissues until bone
was felt, and the measurement was re-
corded. The Joad required was not
quantified, but was well in excess of the
100 g maximum load capacity of the
machine. The previously scheduled
periodontal surgery followed, and as
soon as the bone and root surfaces
could be clearly seen, the distance be-
tween the base of the onlay and the
bone was measured, and a record made
when an intrabony defect greater than
1 mm in depth was present.
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All procedures and measurements,
which were recorded to the nearest mil-
limetre, were carried out by the same
operator in the same dental chair, thus
ensuring consistent illumination, both
background and direct, and operator
position. Following the fabrication of
onlays, the reproducibility of all
measurements except surgical measure-
ments of bone height was assessed.

The data in this study were normally
distributed and had arithmetic intervals
except for bleeding scores; in all cases
parametric statistical testing was used.

Results

There was a statistically significant dif-
ference of 0.5241.21 mms {p<<0.001)
between probing depths measured using
loads of 30 g and 60 g (Table 1). The
differences between transgingival and
surgical measurements of alveolar bone
height were not statistically significant.
‘When all sites are considered, the corre-
lation with bone levels measured at sur-
gery was similar when probing loads of
30 g (r=0.87) and 60 g (r=0.90) are
considered. There was a higher degree
of correlation when transgingival and

surgical measurements of bone levels
were compared at all sites (r=10.98).

The scattergrams in Fig. 1 illustrate
the increasing degree of correlation
when probing at 30 g, 60 g and transgin-
gival probing are compared with bone
levels measured at surgery, the number
of outlying points progressively reduc-
ing with the increasing probing load.

When the probing depths using loads
of 30 g and 60 g are analysed according
to the bleeding response (Fig. 2), a
greater diversity in the scattergrams and
correlation coefficients can be seen, (r=
0.80 for non bleeding at 30 g compared
with 0.95 when bleeding was present).
The distribution of the scattergrams can
be seen to be less diverse when bleeding
is present. The relationship between
transgingival probing and surgical
measurements of bone levels is unaf-
fected by the presence or absence of
bleeding.

Comparisons between the mean dis-
tances from the probe tip to the alveolar
bone according to the degree of inflam-
mation are shown in Fig. 3. The differ-
ence between probing at 30 g and 60
g 15 maintained when no bleeding or
discrete bleeding is present. However,
when profuse bleeding is present, the

Table 1. Means, standard deviations and ranges of probing depths at 30 g and 60 g together
with transgingival measurements of bone levels (TBL) and surgical measurements of bone
levels (SBL) (mm) and correlation coefficients with surgical measurements, all sites (n=178)

Probing depth Bone level
difference difference
0g 60 g (60 g-30 g) TBL SBL (SBL. — TBL)

mean 6.53 7.05 0.52# 8.61 8.73 0.12
SD 3.73 3.74 1.21 3.99 4.11 0.92
range 10to 150 1.0t0160 —2.0t07.0 20to 180 20to 18.0 —2.0to 6.5
Pearson’s r

with SBL 0.870 0.904 0.975 -
*Significant difference, p<0.001, Student’s paired ‘1’ test.
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Fig. 1. Scattergrams showing correlations between surgical measurements of bone levels and probing at 30 g, probing at 60 g and fransgingival
probing measurements of bone levels for all sites.
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Fig. 2. Scattergrams showing correlations between surgical measurements of bone levels and probing at 30 g. probing at 60 g and transgingival
probing measurements of bone levels, categorised by bleeding response to probing.

probe tip 18 closer to the alveolar bone
and the difference due to the variation
in probing load is significantly reduced.

When the results are categorised by
tooth surface (Table 2) the differences

between probing at 30 g and 60 g remain
significant (p<0.001). No significant
differences existed between transgin-
gival and surgical measurements of
bone levels. Interproximal sites are also

analysed as buccal or lingual sites. Ana-
lysing the data by tooth type, a differ-
ence between the mean transgingival
and surgical measurements of bone
levels related to molar teeth of 0.29 mms

Tuble 2. Means, standard deviations and ranges of probing depths at 30 g and 60 g together with transgingival measurements of bone levels

(TBL) and surgical measurements of bone levels (SBL) (mm), and correlation coefficients with surgical measurements, categorised by site

Probing depth Bone level
difference difference
Sites 30g 60 g (60 g-30 g) TBL SBL (SBL—TBL)
buccal (n=89) mean 6.15 6.74 0.60* 8.28 8.46 0.17
SD 3.58 3.58 1.20 4.00 4.20 0.99
range 1.00-15.00 1.00-15.00 —1-7.0 2.00-16.50 2.00-18.00 —2-6.5
Pearson’s r with SBL 0.84 0.86 0.97 2
lingual (n=_89) mean 6.91 7.35 0.44* 8.94 9.01 0.07
sD 3.85 3.88 1.21 3.97 4,02 0.84
range 1.00-15.00 1.00-16.00 —2-50 3.00-18.00 3.00-18.00 —1.54.0
Pearson's r with SBL 0.9¢ 0.94 0.98 B
interprox. (= 109) mean 6.54 1.02 0.47% 8.73 8.84 0.11
SD 3.65 3.67 1.13 4.00 4.10 0.89
range 1.00-15.00 2.00-16.00 —1-6.0 2.00-18.00 2.00-18.00 —2-4.0
Pearson’s r with SBL 0.87 0.90 0.98 -

* Significant differences, p<0.001, the Student paired ‘r’ test.
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Fig. 3. Bar chart showing mean distances be-
tween probe tip and alveolar bone level.

was found (Table 3). This compares
with 0.09 mms for incisor and canine
teeth and 0.02 for premolar teeth. The
difference of 0.29 was not statistically
significant. The correlation coefficients
between transgingival and surgical
measurements of bone levels were simi-
lar for different tooth types, as were
those between attachment levels and
bone levels measured at surgery. Fig. 4
illustrates the reduction in the corre-

Tuable 3. Means, standard deviations and ranges of probing depths at 30 g and 60 g together
with transgingival measurements of bone levels (TBL) and surgical measurements of bone
levels (SBL) (mm), and correlation coefficients with surgical measurements, categorised by

iooth type

Tooth Probing depth Bone level

type g 60 g Diff TBL SBL Diff

anterior (n=>59) mean 591 6.41 0.50* 8.24 8.33 0.09
SD 3.87 3.90 1.32 4.37 4.29 0.70
range  1-14 -15 —1-50 2-16 =17 -2-20

Pearsen's r with SBL 0.820  0.885 0.987 -

Premolar (n=70) mean 6.4% 7.08 0.59% 8.48 8.50 0.02
SD 3.70 in 1.34 3.72 3.82 0.81
range 1-15 1.5-155 —1-7.0 2-16 2-16 140

Pearson's r with SBL 0.907 0936 0.977 -

Molar (n=49) mean 7.33 7.78 0.45%+* 9.26 9.55 0.29
SD 3.51 3.50 0.82 3.87 4.26 1.23
range  1-15 I-16 —2-2.0 2-18 2-18 —1.5-6.5

Parson’s r 0.887  0.895 0.959 =

*p<0.01.

** p<0.001.

lations between surgical bone levels and
probing at 30 g, 60 g and transgingival
probing when intrabony defects were

present. Transgingival probing was
found to be the most accurate estimator
of alveolar bone levels when compared
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Fig. 4. Scattergrams showing correlations between surgical measurements of bone levels and probing at 30 g, probing at 60 g and transgingival
probing measurements of bone levels, categorised by bone morphology.



Table 4. Reproducibility of measurements

Probing at 30 g Transgingival probing
buecal (%) lingual % buccal % lingual
concordant 70 (61.9) 58 (53.2) 26 (63.4) 20 (57.1)
+1 mm 35 (3L.0) 42 (38.5) . 13 (LD 12 (34.3)
+2 mm 8 (7.1) 6 (5.5) 2 (4.9) 3 (8.6)
+3 mm 0 ()] 3 (2.8) 0 (0.0) 0 (0
total 113 (100) 109 (100) 41 (100) 35 (100)

with probing using loads of 30 g and 60
g. However, the very small number of
sites where intrabony defects were pres-
ent suggests that these results should be
interpreted with caution. Reproducibili-
ty (Table 4) was assessed, and when
probing with a load of 30 g is con-
sidered, 92.9% of measurements on
buccal surfaces and 91.7% of measure-
ments on lingual surfaces were within 1
mm. The corresponding values for
transgingival probing were 95.1% and
91.4%.

Discussion

The primary objective of this study was
to compare transgingival probing
measurements of bone levels with bone
levels measured at surgery at a greater
number and location of sites than pre-
viously investigated. The close agree-
ment between transgingival and surgical
measurements of bone height was unaf-
fected by tooth type, location of the site
on the tooth surface, inflammation and
magnitude of bone loss. A high degree
of reproducibility was found, 93.25% of
measurements being within ] mm.

These results are in agreement with
those of previous workers (Greenberg
et al. 1976, Renvert et al. 1981).

Renvert et al. (1981) found a mean
difference of 0.3 mms when transgin-
gival probing was compared with bone
levels measured at surgery, and a corre-
lation of 0.81 between the 2 methods.
This compares with a mean difference
of 0.12 mm and a correlation of 0.975
in the present study when all 178 sites
are considered.

However, the work of Renvert et al.
(1981) was restricted to 62 sites related
to 33 intrabony defects; when the 12
sites related to intrabony defects in the
present study were examined, the corre-
lation between transgingival and surgi-
cal measurements of alveolar bone re-
duced to 0.79. The difference between
the mean measurements of intrabony
defects is 0.92 mm in the present study,

the mean values being 11.38 mm for
transgingival probing and 12.29 mm for
surgical measurements. In view of the
small number of intra bony sites in this
category in the present study, caution
should be exercised when interpreting
these data.

Further work investigating the accu-
racy of transgingival probing related to
intrabony defects of varying mor-
phology, width and depth would be of
interest.

The secondary objective was to inves-
tigate the relationship between probing
with constant loads of 30 and 60 g, and
bone levels measured at surgery.

When all sites are considered, a statis-
tically significant difference between the
means of probing measurements using
loads of 30 g and 60 g of 0.52 mm was
found, as previous workers have shown
(Van der Velden 1979).

When bleeding on probing was pres-
ent, the correlations between probing at
30 and 60 g and alveolar bone levels
increased. Profuse bleeding had the
greater effect on the distance between
the probe tip and the bone,

These results are in general agree-
ment with previous work. Thus, Robin-
son & Vitek (1979), using grossly perio-
dontally involved teeth scheduled for
extraction, found a linear relationship
between probe tip penetration, gingival
index and probing load. A study involv-
ing the histological assessment of probe
tip penetration and inflammation in ar-
tificially induced periodontitis in beagle
dops (Armitage et al. 1977) found in-
creased probe tip penetration when
periodontal breakdown was more ad-
vanced. The present study confirms that
the presence of inflammation results in
increased probe tip penetration. In ad-
dition, differences in probe tip pen-
etration produced by varying loads are
reduced at sites with greater signs of
inflammation.

In conclusion: (i) Transgingival prob-
ing measurements of crestal bone levels
have been shown to give an accurate
indication of bone levels measured at

Bone level assessments 85
surgery; (i) extrapolation of clinical
probing depth measurements to predict
alveolar bone levels would be inappro-
priate, as it has been shown that clinical
probing depth measurements are affect-
ed by factors which have no effect on
bone level measurements; (i) The value
of the information gained from trans-
gingival probing where other diagnostic
methods such as clinical probing and
radiographs have not yielded a com-
plete picture of bone levels, would seem
to outweight the limitations, and sug-
gest that, in these circumstances, con-
sideration should be given to the clinical
use of transgingival probing as an ad-
junct to the diagnostic methods in cur-
rent use.
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Zusammenfassung

Die Beziehungen zwischen alveoldren, bei chi-
rurgischen Eingriffen festgestellien Knochen-
niveaus, und Niveaumessungen des alveoldren
Knochens durch transgingivale Sondierung so-
wie klinische Messungen des Atlachmenini-
veaus

Durch transgingivale Sondierung erhaltene
Messwerte des alveoliren Knochenniveaus
wurden mit der Hahe der gleichen alveoldren
Knoechenniveaus verglichen, die bei 9 Patien-
ten an 178 Stellen wihrend chirurgischer Ein-
griffe vermessen wurden. Messungen der
Sondierungstiefen, die mit konstantem Son-
dendruck von 30 g und 60 g vorgenommen
waren, wurden auch mit den, anldsslich chi-
rurgischer Eingriffe erhaltenen, Messwerten
des Knochenniveaus der gleichen Stellen ver-
glichen. Der Einfluss von Entziindungen, der
Lage der Stellen beziiglich der Zahnoberfla-
che und des Zahntyps wurde ebenfalls unter-
sucht. Die transgingivale Sondierung wurde
durch diese Faktoren nicht beeinflusst und es
zeigie sich, dass sie eine genaue Methode zur
Messung des alveoliren Knochenniveaus
(r=0.975) ist, Dic Messungen der Sondie-
rungstiefe wurden durch das Vorkommen
von Entziindungen (festgestellt durch Bluten
beim Sondieren) und durch unterschiedlichen
Sondierungsdruck beeinflusst. Vorliegende
Entzindung  reduzierte  den  Abstand
zwischen der Sondenspitze und dem alveold-
ren Knochen von 2.4 auf 1.9 mm. Die Bezie-
hungen zwischen den verschiedenen Mes-
sungsarten wurden in keinem Fall durch die
Position der Mess-Stelle an der Zahnoberfli-
che oder durch den Zahntyp beeinflusst.
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Résumeé

Relations entre les niveaux de I'os alvéolaire
mesurés lors des interventions chirurgicales ou
estimés par sondage transgingival et les mesu-
res clinigues du niveau de I'attache

Les mesures du niveau de I'os alvéolaire obte-
nues par sondage transgingival ont été com-
parées aux niveaux de I'os alvéolaire mesurés
au cours d’une infervention chirurgicale dans
178 sites chez 9 patients, Les profondeurs
de poches mesurées par sondage avec des
pressions constantes de 30 g et de 60 g ont
également été comparées aux niveaux de I'os
alvéolaire mesureés au cours de I'intervention
chirurgicale dans les sites ci-dessus. Les effets
de I'inflammation, de la position des sites 4
la surface des dents et du type de dent ont
aussi été étudies. Ces facteurs restaient sans
influence sur le sendage transgingival qui
s’est révéle étre une méthode précise pour
mesurer les niveaux de ['os alvéolaire (r=
0.975). La présence d'inflammation, consta-
tée en se basant sur la réaction de saignement
lors du sondage, et les variations de la pres-
sion employée pour le sondage avaient une
influence sur la profondeur mesurée par son-
dage. Leffet de I'inflammation était de rédui-
re la distance moyenne entre la pointe de la
sonde et Y'os alvéolaire de 2.4 mm a 1.9 mm.
Aucune des relations entre les mesures n’était
modifiée par la position du site & la surface
de la dent ni par le type de la dent.
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