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Tse ntu oF rHIs sruDY was to delermine the effects of personal oral hygiene and subgingival
scaling on bleeding interdental gingiva. The Eastman Interdental Bleeding Index (EIBI) was
used to clinically evaluate interdental gingival status. Forty-seven bleeding interdental sites
in 47 patients were divided into three goups. Sites in Group I bled on stimulation with
wooden inlerdental cleaners. Groups II and III initially bled but were converted to nonbleed-
ing with oral hygiene alone or oral hygiene combined with subgingival scaling, respectively.
Interdental gingival biopsies were obtained and subjected to morphometric analysis to
compare the three groups. The findings from this study indicated that: (A) personal oral
hygiene reduced the magnitude and extent of the interdental inflammatory lesion; (B)
subgingival scaling plus oral hygiene decreased the interdental inflammatory lesion to a
grealer extent than oral hygiene alone; (C) significant repair ofthe interdental lesion occurred
within four weeks; and (D) the EIBI was an effective method for monitoring the eflects of
therapy directed towards resolution of the interdental inflammatory lesion.

Several studies have examined the effect of scaling
and personal oral hygiene in the treatment of periodon-
tal disease. These eflects included a reduction in
plaque,' -' 3 gingival infl ammation, r-r 3 bleeding, r'3-r0' | 2' I 3

pocket depth,t-to'tz'r3 increased gingival recession,r-3'5-
e''2 and gain in probing attachment level.r-3'5-e'r2 Only
a few clinicalt'3'tu un4 histologicalt'3r studies, however,
have evaluated the effects of scaling and personal oral
hygiene, independently. The histological studies exam-
ined facial and lingual gingival biopsies and no reports
could be found related to the interdental area.

Clinical evaluation of interdental gingival status has
been based upon bleeding tendency after stimulation
with wooden interdental cleaners.ra-22 Bleeding after
stimulation has been considered a clinical sign indicat-
ing gingival inflammation and associated histologically
with inflammatory lesions within the connective tissues
of the interdental gingival r€gisn.t6'tt-22 These studies
have provided a scientific rationale for the diagnosis of
gingival inflammatory lesions within the interdental
gingiva.

The purpose of the present study was to evaluate the
effect on interdental gingival status of personal oral
hygiene alone and in combination with subgingival
scaling. A further aim was to establish if bleeding de-
terminations were eflective in monitorine the effect of
these therapies.

* Department of Periodontology.
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MATERIALS AND METHODS

An interdental gingival biopsy was obtained from
each of 47 patients, 24 male and 23 female, ages 26 to
74 years (mean age 43.2 years), who were in good
health. Gingival biopsies were obtained during the
course of periodontal surgery to treat periodontal dis-
ease in adjacent areas. One month prior to surgery, all
patients were instructed in oral hygiene techniques,
which included the use of a conventional toothbrushing
technique, combined with interdental cleanerst for the
interproximal areas.

Interdental areas included in the study had initial
pocket depths and probing attachment loss s4 mm,
and radiographic bone loss <20%. These sites had a
normal tooth alignment and gingival embrasure space.
To test for interdental bleeding, the method described
for the Eastman Interdental Bleeding Index (EIBI) was
used.r6-'8 A wooden interdental cleaner was inserted
between the teeth from the facial aspect in such a way
as to depress the interdental papilla I to 2 mm. The
path of insertion was horizontal, taking care not to
direct the point apically. In this manner, the cleaner
was inserted and removed four times. The presence or
absence of bleeding within l5 seconds was recorded.

All sites included in the study had a positive bleeding
response at the initial examination. Immediately prior
to surgery, four weeks + one week after oral hygiene
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instructions, the interdental sites were again assessed
for bleeding tendency. Fifteen patients had not mas-
tered good oral hygiene techniques and their interprox-
imal sites still bled (Group I, bleeding group); whereas,
in the 15 patients that had mastered these techniques,
including use of interdental cleaners, the sites were
converted to non-bleeding (Group II, stopped-bleeding
by oral hygiene alone). Seventeen patients received a
single episode of subgingival scaling (one month + one
rveek prior to biopsy) and also mastered good oral
hygiene techniques. The interproximal sites in these
patients were converted to nonbleeding (Group III,
stopped-bleeding by scaling and oral hygiene). The
technique for interproximal gingival biopsy was de-
scribed previously.r6

Biopsy specimens were fixed in l0% neutral buffered
formalin for 24 hours, washed for six hours in tap
rvater, dehydrated in ascending alcohols, and cleared
lor paraflin embedding. Sections from the midinter-
proximal piece were aI 6 p in thickness in a mesio-
distal plane and step-serial sections at 144 p intervals
\\'ere mounted on glass slides and stained with the van
Gieson picric acid-fuschin method.23'2a

Histologic Analysis

Step-serial sections (6 to 22 sections per biopsy) were
analyzed with a calibrated grid mounted in the ocular
of a light microscope at magnification x 125 using the
technique introduced by Weibel25 and modihed by
others.r6're-22'26-30 111o*hometric point counting (grid
intersection) was performed to determine the number
of grid intersects falling over the entire tissue, and the
tissue identified as normal connective tissue, inflamed
connective tissue, and epithelium. 16'1e'22 Intersects that
fell over empty tissue spaces or artifacts were not
counted and intersects on the connective tissue-epithe-
lium interface were counted as connective tissue. In
order to determine locations within the gingiva of in-
flammatory changes, the coronal 1620 p of sections
were analyzed in coronal and apical 810 p portions.22

Inflamed connective tissue was defined as that por-
tion of connective tissue which had a high cell density
(cell-rich) and stained poorly (collagen-poor) with the
van Gieson method.2a The van Gieson picric acid-
fuschin method stains normal collagen red. In areas
inhltrated with inflammatory cells, the collagen is lost
or altered, losing its affinity for the acid fuschin, and is
colored yellow by the picric acid component.2l

Statistical Analysis

The group means for the tissue components were
calculated from the means of the individual biopsy
specimens. Differences between the means of Groups
I, II, and III were assessed using repeated measures
analysis of covariance. The morphometric measure-
ments tended to show systematic changes with relative
facialJingual depth into the biopsy. These changes were
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examined by calculating for each section its percentile
depth through the biopsy by using the method described
previously.re'22'3' Then, a cubic polynomial was fitted
to describe changes in the percentage of tissue compo-
nents through the biopsy specimens, so that these
changes could be related to the percentile facial-lingual
depth through the interdental area. Plots ofthese fitted
equations were prepared (Figs. l-6) and approximate
upper and lower 95% confidence bands about these
plots were included to indicate the precision of the
fitted regression lines. The residuals from these regres-
sions were then analyzed using nested, random effects
analysis of variance. Separate analyses were performed
for each pair of treatment groups and for coronal,
apical, and combined sites. The p-values for the group
diflerences were adjusted by the Bonferoni method to
control for the propagation ofType I errors associated
with multiple comparisons.3t Diflerences between the
coronal and apical portions were assessed using student
paired student l-tests based on average differences
across each student /-test.

Errors of the Method

Duplicate measurements taken one week apart were
performed on randomly selected sections. The errors of
the method33 were less than 2% for epithelium and total
tissue area, and less than 4% for normal and inflamed
connective tissue. All measurements were made bv the
same investigator (OB).

RESULTS

The results were based on 47 interproximal gingival
biopsies taken from 47 individuals. At the time of
biopsy, the sites from Group I ( 15 patients) demon-
strated bleeding. The sites of Group II ( 15 patients)
were converted to nonbleeding as a result of personal
oral hygiene alone. The sites of Group III (17 patients)
had also converted to nonbleeding, but this group had
a single episode of subgingival scaling in addition to
personal oral hygiene. The biopsy technique for obtain-
ing the interdental tissues consistently yielded intact
specimens suitable for histologic evaluation.

The data obtained from the morphometric evalua-
tion were grouped to: ( I ) compare the various measured
tissue components between the three groups; (2) com-
pare the coronal and apical aspects of the interdental
gingiva between the three groups; and (3) compare the
coronal and apical aspects within the three groups.

Comparison of Tissue Components from the Three
Groups

The results of the overall comparisons of the tissue
components in the gloups are shown in Table 1. No
significant differences between groups were observed
for epithelium or total connective tissue. However,
when the inflamed connective tissue portion was ex-
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Table I

Epithelium
Total connective tissue

Inflamed
Noninflamed

Epithelium and Connective Tissue in Bleeding and Stopped-Bleeding Biopsies*

Bleeding Stopped-Bleeding p-Value

Oral
Hygiene

Scaling,
Oral Hygiene

+z-z = )-J

56.7 + 3.3
68.1 + 3.6
31.9 + 3.6

45.3 + 1.9
54.7 + t.9
43.3 + 3.3
56.7 + 3.3

48.3 + 1.7
51.3 + 1.7
25.6 + 2.'l
74.4 ! 2.7

NS
NS

<0.001t
<0.001t

NS = Not significant.
* Mean percent volume density + standard error.
t Bonferoni comparisons:

Bleeding vs. oral hygiene / : 0.005
Bleeding vs. scaling, oral hygiene p < 0.00 I
Oral hygiene vs. scaling, oral hygiene p = 0.0 I 6

amined, the bleeding specimens had a significantly
greater percentage volume density of inflamed connec-
tive tissue than the stopped-bleeding specimens (Group
I: 68.1 + 3.6% vs. Group II: 43.3 + 3.3%, and Group
Ill: 25.6 + 2.7%). Within the stopped-bleeding groups,
oral hygiene alone had significantly more inflamed
connective tissue than the scaling plus oral hygiene
(43.3 + 3.3% vs.25.6 + 2.7%). The percentage inflamed
connective tissue from the three groups was plotted
against the relative percentage distance through the
specimen in a facialJingual direction (Fig. l), and dem-
onstrated that differences between the groups in per-
centage volume density of inflamed connective tissue
was maintained throughout the entire facial-lingual
width of the interdental area. The greatest percentage
inflamed connective tissue in all three groups was lo-
cated in the approximate middle of the interdental
region.

Between Group Comparison of Coronaland Apical
Locations

Descriptive data comparing coronal and apical as-
pects between the goups are presented in Table 2.
There were no significant differences observed in cor-
onal and apical measurements of epithelium and con-
nective tissue between the bleeding and stopped-bleed-
ing biopsies.

With respect to the percentage volume density of
inflamed connective tissue, signihcant differences for
both the coronal (Group l:46.1 + 5.7% vs. Group II:
28.8 + 52% vs. Group I I I :  l l . l  + 1.7%) and apical
(Group l :  75.1 + 3.8% vs. Group I I :  50.4 + 5.0% vs.
Group Ill:32.6% + 3.4%) locations of the interdental
gingiva existed. Figures 2 and 3 demonstrated the re-
sults from coronal and apical locations, respectively,
when percentage volume density of inflamed connec-
tive tissue was plotted against relative facial-lingual
distance through the specimens. Coronal sites had less
inflamed connective tissue than apical sites, and differ-
ences between groups were maintained througbout the
entire facialJingual width of the interproximal region.
In both coronal and apical locations, the curvature of

BLEEDING

STOPPED BLEEDING;
ORAL HYGIENE ALONE

STOPPED BLEEOINGi
SCAUNG + ORAL HYGIENE

PERCENTILE RANK OF SECNONS

Figure l. Plot of mean percent volume densily of in|lamed connective
tissue, with approximale upper and lower 95% conJidence bands.
versus percentile rank of sections across the facial-lingual width oJ'
biopsies.

the bleeding group was more parabolic than stopped
bleeding groups and this tendency was more pro-
nounced in the coronal location.

Within Group Comparisons of Coronal and Apical
Locations

Comparisons were also made between the coronal
and apical locations within bleeding and stopped-bleed-
ing groups (Table 2). The coronal location had signifi-
cantly more epithelium and less total connective tissue
in both the bleeding and stopped-bleeding groups. With
regard to percentage volume density of inflamed con-
nective tissue, the coronal location had signihcantly less
inflamed connective tissue than the apical location in
all three goups. Plots of percentage inflamed connec-
tive tissue against relative distance through the speci-
mens for coronal and apical aspects of Groups I, II, and
III are presented in Figures 4, 5, and 6, respectively. In
each of these plots, there was a greater percentage of
inflamed connective tissue in the apical location across
the entire facial-lingual width of the interdental gingiva.

The histologic observations reinforced the morpho-
metric data. In bleeding gingiva, the connective tissue
was densely infiltrated with inflammatory cells which
often largely replaced red staining collagen. In contrast,
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Table 2
Comparisons ofCoronal and Apical Aspectsfor Bleeding and Stopped-Bleeding Biopsies*

Bleeding Stopped-Bleeding p-Value

Oral Scaling,
Hygiene Oral Hygiene

Epilhelium
Coronal
Apical

.p-Value

Total Connective Tissue
Coronal
Apical
p-value

Inflamed connective tissue
Coronal
Apical
p-value

60.4 + 3.8
25.9 + 3.3

<0.001

39.6 + 3.8
'74. t  + 3.3

<0.001

46.1 + 5.7
75. I  + 3.8

<0.001

66.4 + 2.4
24.3 + 1.9

<0.001

33.6 + 2.4
75.7 + t .9

<0.001

28.8 + 5.2
50.4 + 5.0

<0.001

65.5 + | .7
3l . l  + 1.7

<0.001

34.5 + t.',7
68.9 + 2.2

<0.001

l l . l  t  1.7
32.6 + 3.4

<0.001

NS
NS

0.00 r t
0.001i

NS
NS
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NS : Not significant.
* Mean percent volume density + standard error
t Bonferoni comparisons:

Bleeding vs. oral hygiene p = 0.063
Bleeding vs. scaling, oral hygiene p < 0.00 I
Oral hygiene vs. scaling, oral hygiene p :0.022

f Bonleroni Comparisons:
Bleeding vs. oral hygiene p = 0.003
Bleeding vs. scaling, oral hygiene p < 0.00 I
Oral Hygiene vs. scaling, oral hygiene p = 0.025

BLEEDING

STOPPED ELEEDIi{G;
ORAL HYGIENE ALOT{E

STOPPED ELEEDING;
SCALII{G + ORAL HYGIENE

PERCENNLE RANK OF SECIIONS

Figure 2. Plot of mean percent volume densitl, of coronal inflamed
conneclive tissue, v,ith approximate upper and lower 95% conJidence
bands, versus percentile rank ofsections quoss thefacial-lingual width
of biopsies.

BLEEDING

STOPPED BLEEDII{G;
ORAL HYGIENE ALO}IE

STOPPED BLEEDING:
SCAUI{G + ORAL HYGIENE

PERCENNLE FANK OF SECNOilS

Figure 3. Plot of mean percent volume density of apical inflamed
connective tissue, with approximate upper and lower 95Vo conlidence
bands versus percentile rank of sections across the facial-lingual width
of biopsies.

CORONAL

0 20 40 60 80 100
FACIAL LINGUAL

PERCENTILE RANK OF SECTIONS

Figure 4. Plot of mean percent volume density of coronal and apical
inflamed connective tissue for Group I (bleeding group) with approx-
imate upper and lower 95% conlidence bands, versus percentile rank
qf sections across the facial-lingual width of biopsies.

the stopped-bleeding gingiva had substantially greater
amounts of red-staining collagen, and the inflammatory
infiltrate was generally more pronounced subjacent to
the epithelium and in the apical8l0 micron location.

DISCUSSION

The purpose of the present investigation was to eval-
uate the effect on interdental gingival status ofpersonal
oral hygiene alone, and in combination with subgingi-
val scaling, using clinical bleeding determinations and
histological methods. The results demonstrated that
conversion from bleeding to nonbleeding was associ-
ated with a significant reduction in the inflamed con-
nective tissue component of the midinterdental gingiva.

0 20 40 60 80 100
FACIAL LINGUAL
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PERCENTILE RANK OF SECTIONS

Figure 5. Plot of mean percent volume density of coronal and apical
inflarned connect it'e tissue for Group II (stopped-bleeding-oral hvgiene
alone group) v'ith approximate Ltpper and lov'er 957o confidence
bands, versus percentile rank ofsections across thefacial-lingual v'idth
of ltioosies.

PERCENTILE RANK OF SECTIONS

Figure 6. Plot ofmean percent volume denshl, ofcoronal and apical
inJlarned connective tissue for the Grotrp III (stopped-hleeding) oral
ftygiene plus sttbgingival scaling, teith approximate upper and lov'er
95o/o confidence bands, versus percentile rank of sections across the
facial-lingual width of biopsies.

This appeared to be the first study that related histolog-
ically a stopped-bleeding state in patients with perio-
dontitis to a decrease in the inflamed connective tissue
component of the midinterdental region, brought about
by either patient compliance with a personal oral hy-
giene program alone or in combination with a single
episode of subgingival scaling. These results agreed with
earlier workr'2'r3 in which oral hygiene alone or in
conjunction with scaling resulted in a decrease of gin-
gival inflammation clinically'-'3'te-22 and histologi-
callY.l'3' to' tr-z:

The histologic data obtained in this study agreed with
results from previous investigationsr'3'r0 in which there
was a decrease in the inflammatory infiltrate and con-
current increase in the collagen content ofthe gingival
connective tissues. The present findings highlighted the
rapid repair (four weeks) of gingival tissue which took
place following removal of plaque and calculus. This
repair was apparently responsible for the clinical
changes which took place following a singJe episode of
subgingival scaling and controlled oral hygiene.T'8 These

J;i,i,xfll.jii
clinical changes took place within three weeks and
included pocket reduction via gingival recession and
gain in probing attachment level, and cessation of
bleeding after probing for pocket depth.T'8

The EIBI was based on interdental gingival bleeding
after stimulation with wooden interdental cleaners. Pre-
vious reports have shown that such bleeding was asso-
ciated with a substantial inflammatory lesion in the
midinterdental gingiva, and the absence of bleeding
with a relatively normal gingival connective tissue. This
information provided the scientific rationale for the use
of bleeding determinations for periodontal diagnosis of
the interdental region. The present study indicated that
this type of bleeding determination could also be used
for monitoring the effects of periodontal therapy aimed
at resolution of the interdental inflammatory lesion.
since the conversion from bleeding to nonbleeding was
associated with resolution of the lesion. The interdental
area apical to the contact point is usually inaccessible
for visual inspection and a common site of periodontal
pathosis. The EIBI could prove to be a valuable tool
for evaluation of this region. Furthermore, the EIBI
was a more sensitive indicator for detection of interden-
tal gingival pathosis than the Papilla Bleeding Index in
a clinical trial which compared the two indices.3a

The results of the present study verified earlier stud-
ies, which showed that the middle area of the interden-
tal gingiva contained the greatest amount of inflamed
connective tissue.r6're The result of both the therapeutic
regimes was a uniform and signihcant reduction in
inflamed connective tissue across the entire facial-lin-
gual aspect of the biopsies (Fig. l). This seemed to
indicate that both regimes were effective in decreasing
the inflammatory lesion not only on facial and lingual
aspects, but also in the less accessible regions that were
under contact points.

Inspection of Figures I to 3 indicated that for each
of the groups the most facial and most lingual sections
had a similar percent inflamed connective tissue. The
exception was the coronal aspect from the bleeding
group (Fig. 2). The interdental tissue from this group
was more inflamed on the lingual aspect. This suggested
that these patients were more effective with plaque
removal on the facial aspect. Generally the data from
the three goups resulted in similar parabolic curves
with the most inflamed tissue in the middle of the
interdental area, which suggested that the middle area
was the most diflicult to accomplish thorough elimi-
nation of plaque. This middle area corresponded to the
more inaccessible region under the contact point. Since
the inflammatory lesion was greatest in the midinter-
dental area and the oral hygiene regime specihcally
focused on that area, the results ofthis study suggested
that these regions should be carefully monitored for
signs of possible periodontal destruction.

In order to obtain data concerning the distributional
nature of the inflammatory lesion in an apico-coronal
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plane, the biopsies were analyzed in apical and coronal
halves. The data showed coronal areas had less inflamed
connective tissue than apical areas. Furthermore, oral
hygiene apparently contributed to approximately 50%
of the total decrease in inflamed connective tissue of
both coronal and apical locations (Table 2).

The diflerences in coronal versus apical inflamma-
tion may be due to the inability of oral hygiene meas-
ures to remove bacterial plaque from the more apical
regions of periodontal pockets. Plaque removal tech-
niques incorporating wooden interdental cleaners were
apparently more effective in reducing inflammation in
the coronal regions of the interdental gingival pocket
than in the apical regions. Waerhaug35'36 reported oral
hygiene techniques that combined sulcular brushing
and interdental cleaning eflectively removed supragin-
gival plaque, but removed subgingival plaque to a depth
of only 0.5 to 2.5 mm. Other observations have shown
that even after meticulous scaling and root planing,
deeper pockets had more residual calculus and
plaque3t'38 and this is consistent with our findings that
the inflammatory lesion was greater in the apical half
ofthe gingiva for all groups (Figs. 4-6).

Clinical Significance

The findings from this study indicated that: (A) per-
sonal oral hygiene reduced the magnitude and extent
of the interdental inflammatory lesion; (B) subgingival
scaling plus oral hygiene decreased the interdental in-
flammatory lesion to a greater extent than oral hygiene
alone; (C) significant repair of the interdental lesion
occurred within four weeks; and (D) the Eastman In-
terdental Bleeding Index was an eflective method for
monitoring the effects of therapy directed towards res-
olution of the interdental inflammatory lesion.
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