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THE PURPOSE OF THIS HISTOLOGIC and histometric study was to examine the effect of citric
acid and increasing concentrations of fibronectin on new connective tissue attachment
following periodontal flap surgery. Full thickness, mucoperiosteal flaps were elevated in six
healthy mongrel dogs. Two to 3 mm of alveolar bone were removed along the buccal aspect
of the teeth in the mandible and into the interproximal areas of each surgical site. Cementum
was removed from the exposed root surfaces and reference notches were inscribed into the
roots at the margin of the recontoured bone. Citric acid, pH 1.0, was applied to the
instrumented root surfaces for 3 minutes and rinsed with sterile saline. Both the root surfaces
and the inner surface of the flap were then bathed in either sterile saline or increasing
concentrations (0.38, 0.75 and 1.5 mg/ml saline) or exogenous fibronectin. All the flaps
were returned to their original preoperative positions, secured using figure 8 sutures with 4—
0 braided silk and allowed to heal. Two dogs per time-point were sacrificed at 1, 2 and 6
weeks after surgery. Block specimens of the surgical sites were demineralized and serial
sections prepared for histologic and histometric evaluations. Histologically, tissue sections
were examined for: (1) epithelial proliferation and attachment, (2) periodontal fiber organi-
zation and maturation, (3) inflammatory cell types, (4) presence or absence of new cementum
deposition and (5) degree of vascularity of the tissues. Histometric measurements were taken:
(1) from the root surface notch to the apical extent of the junctional epithelium and (2)
from the apical extent of the junctional epithelium to the free gingival margin. The four
treatment modalities were compared by the use of repeated measurement analysis of
variance. When significant differences were found, the Newman-Keuls procedure was used
to make individual comparisons between each pair of mean values. Results of the study
demonstrated a significant increase in new connective tissue attachment in all surgical sites
where exogenous fibronectin had been added, but there was no obvious advantage in
increasing the concentration of fibronectin above the plasma level (0.38 mg/ml).

The rationale for periodontal therapy is aimed at
elimination of periodontal disease, restoration of the
periodontal tissues to a healthy, functional state and
the subsequent maintenance of these tissues. The dental
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literature has clearly demonstrated that present modes
of periodontal therapy are successful in achieving these
goals; however, the ultimate goal of therapy is the
regeneration of the attachment, which is lost during
disease.

Histologic evidence of cementogenesis and new con-
nective tissue attachment to previously diseased root
surfaces, with the use of citric acid demineralization
following root preparation, has been reported in animal
and human studies.'”> Fibronectin, when used with
citric acid, has been shown to enhance the regeneration
of connective tissue attachment, possibly by increasing
interactions between exposed root surface collagen, and
coll%gen and fibroblasts within the supporting soft tis-
sue.

The purpose of this histologic and histometric study
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was to examine the effect of citric acid and various
concentrations of fibronectin (FN) on new connective
tissue attachment following periodontal flap surgery in
mongrel dogs.

MATERIALS AND METHODS

Six adult male mongrel dogs, in good systemic health,
were used in this study. The selection of the animals
was based upon the presence of an intact dentition,
with minimal or no naturally occurring periodontal
disease. With the exception of the 1st week postsurgi-
cally, the dogs were maintained on a hard diet during
the experimental period.

Experimental Materials. Citric acid was obtained in
anhydrous form. It was mixed to saturation in sterile
saline at room temperature and verified to a pH of 1.0
with a pH meter. Fresh solutions of citric acid were
prepared prior to each surgery. Fibronectin (FN) was
obtained from blood of the experimental dogs. Whole
blood was drawn into heparinized vacutainers that were
rolled and refrigerated. Within 24 hours after being
drawn, the blood was centrifuged at 500 rpm for 5
minutes. The plasma portion was passed through a
gelatin sepharose column, washed with phosphate-buff-
ered saline and filtered through a sterile 0.224 filter
unit. The concentration of the FN was found to be 1.5
mg/ml. This was determined spectrophotometrically
by assuming a 1.0% extinction coefficient at 280 mm
in a 1.0-cm path equal to 12.8. The FN solutions were
stored in 2.0 ml vials and kept frozen until the time of
surgery. The FN was >95% pure as assessed by gel
electrophoresis.

Hygienic Phase Procedures. All of the dogs were
anesthetized with 3.0 to 5.0 ml of 2.5 Serutal®. Preclin-
ical photographs were taken at each of the operative
sites in all dogs. Upon clinical evaluation no attachment
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loss was observed in the operative sites. Subsequently,
the teeth were hand scaled and polished. Toothbrushing
was performed every 2 to 3 days throughout the exper-
imental period (except for the first 7 days postsurgically
when no brushing was done). Additional photographs
were taken during and after the hygienic and surgical
phases.

Surgical and Laboratory Procedures. A total of 24
surgical sites was used in this study to observe the
differences in healing between three successive concen-
trations of FN, as monitored over postsurgical time
intervals of 1, 2 and 6 weeks. This allowed two surgical
sites for each combination of FN concentration and
time interval. The FN concentrations used were: 1.5,
0.75 and 0.38 mg/ml in saline. The fourth surgical site
received only saline, to serve as control. The 0.38 mg/
ml FN-saline solution was designated as plasma con-
centration since natural plasma levels of FN run be-
tween 0.3 and 0.5 mg/ml. The surgical sites consisted
of the P,—P; and P,—M, areas of the buccal aspects of
the mandible. Each site consisted of the mesial and
distal portions of adjacent teeth together with the inter-
proximal tissue. The interproximal attached gingiva
between P; and P, was kept intact in order to prevent
contamination between anterior and posterior surgical
sites (Fig. 1). Each dog was anesthetized using 2 to 3
ml of Serutal® (35 mg/ml). Prior to surgery, each area
was locally anesthetized with 1.0 to 1.5 ml of a 2.0%
xylocaine-epinephrine solution, 1:50,000. Mucoperios-
teal flaps were raised with vertical releasing incisions
extending to the mucogingival junctions at the mesial
and distal aspects of the surgical sites. Two to 3 mm of
bone were removed along the buccal aspect and ex-
tended 2 mm into the interproximal areas at each site.
This was accomplished using a Number 8 round steel
bur and curettes. The removal of cementum from the

Figure 1. A,, surgical site consisting of P,Ps; A,, surgical site consisting of P3P, B, unoperated buffer zone.



Volume 58
Number 10

roots was also performed with a combination of the
round bur and curettes. Reference notches were in-
scribed into the roots at the margin of the recontoured
bone with a sharpened sickle scaler. These notches were
positioned on the buccal aspects of the teeth and ex-
tended into the furcation and interproximal areas.

Citric acid was applied to the instrumented root
surfaces in all surgical areas using cotton pellets for 3
minutes. These pellets were replaced after 90 seconds.
Extreme care was taken to avoid contamination of the
bone and soft tissues from the acid solution by covering
the reflected flaps and exposed bone with saline-moist,
sterile gauze during the procedure. Following a 3-min-
ute demineralization, all areas were thoroughly rinsed
with sterile saline. In the sites receiving FN, 1.0 ml! of
the solutions was applied with a tuberculin syringe.
Both the root surfaces and the inner surface of the flap
were bathed in fibronectin. Excess solution was ab-
sorbed with sterile gauze. All flaps were returned to
their original preoperative positions and secured using
4-0 braided silk sutures. Suspensory sutures were used
in some areas to guarantee close adaptation of the flaps
to the underlying hard tissues. Moderate pressure was
applied over the sites for 3 minutes with saline-moist,
sterile gauze to enhance flap adaptation and promote
the formation of a thin fibrin clot. During the following
week all dogs were fed a soft diet, and toothbrushing
was stopped in order to avoid disruption of the healing
flaps. Sutures were removed 7 days following surgery.
No complications were observed. Toothbrushing was
then resumed and maintained until sacrifice.

The dogs were sacrificed, two at a time, at 1, 2 and 6
weeks following surgery with a lethal overdose of Nem-
butal®. The heads of the animals were perfused with
10% buffered formalin and refrigerated for 24 hours.
The jaws were dissected with the adjacent soft tissues
and placed in formalin solution for additional fixation.
Prior to demineralization, the jaws were sectioned in
small blocks corresponding to the surgical sites. Demin-
eralization was accomplished with 10% trifluoracetic
acid (TFA) over a 10-day period. The demineralized
tissue blocks were washed under running water for 24
hours, dehydrated in alcohol, infiltrated and embedded
in paraffin, and serially cut in the buccal-lingual plane
into 6-u sections. The sections were mounted on glass
slides and stained with Masson’s or Mallory’s connec-
tive tissue stain and hematoxylin and eosin.

Tissue sections from each of the 24 surgical sites were
examined and evaluated blindly using a binocular mi-
croscope at 40X magnification. Descriptive histologic
and histometric evaluations were performed. From
each surgical site, 14 step-serial sections representing
intervals of 0.08 mm were used. The sections consisted
of seven step-serial sections distal to the interproximal
midsection, and seven step-serial sections mesial to the
midsection. This procedure allowed an equal number
of sections for evaluating distal and mesial roots of the
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surgical sites. Histologically, tissue sections were ex-
amined for: (1) epithelial proliferation and attachment;
(2) periodontal fiber organization and maturation; (3)
inflammatory cell types; (4) presence or absence of new
cementum deposition; and (5) degree of vascularity of
the tissues. Histometric measurements were made with
a Filar micrometer eyepiece,* held parallel to the spec-
imen surface. The eyepiece was calibrated at 40X mag-
nification using the grid of a hemocytometer. The dis-
tances measured were: (1) from the root surface notch
to the apical extent of the junctional epithelium and
(2) from the apical extent of the junctional epithelium
to the free gingival margin. All sections were measured
by orienting the vertical axis of the micrometer grid
parallel to the root surface. The apex of the root notch
was used as the baseline reference point. Each tissue
section was measured twice at intervals varying from
one to several weeks to determine if errors in measuring
would influence the results.

Statistical Evaluation. The four treatment modalities
were compared by a repeated measurements analysis of
variance’ with time of measurement being the grouping
factor and the treatment modalities being the repeated
measurements factor. When significant differences were
found, the Newman-Keuls procedure’ was used to
make pairwise comparisons between the treatment mo-
dalities. This analysis recognized the dog as the experi-
mental unit and allowed each dog to act as his own
control for assessing the effectiveness of the various
concentrations of FN.

RESULTS

Healing proceeded uneventfully in the surgical sites.
Clinical and histological observations revealed no un-
toward hard or soft tissue reactions following topical
application of citric acid and/or FN.

Histologic. One-week tissue sections, stained with
Masson’s trichrome and hematoxylin and eosin, dem-
onstrated a fibrinous new attachment to the root com-
posed of fibroblasts, capillaries, macrophages, polymor-
phonuclear leukocytes (PMNs) and new collagen. The
base of the junctional epithelium was always observed
coronal to the reference notch in the root. In some
specimens, areas of mature, collagenous connective
tissue were seen running parallel to the root surface.
However, an actual splicing of the two tissues was not
yet apparent. In most tissue sections a portion of the
original clot, consisting of fibrin, macrophages, PMNs,
erythrocytes and necrotic debris, could be observed
separating the area of the connective tissue attachment
from the base of the junctional epithelium.

Many of the 2-week specimens revealed highly cel-
lular connective tissue adjacent to, and inserting into,
the root surface. After 2 weeks the connective tissue

* American Optical, Filar micrometer eyepiece, Model No. 424,
Buffalo, NY 14215.



670 Smith, Smith, Caffesse, Nasjleti, Lopatin, Kowalski

displayed increasing amounts of mature collagen fibers
attaching into, and coronal to, the notch (Figs. 2 and
3). This tissue possessed a dense network of capillaries.
However, there were fewer inflammatory cells, and the
fibrin clot was no longer present.

Sections from the 6-week sites displayed further in-
creases in the proportion of mature collagen within the
attachment area (Fig. 4). Fully formed blood vessels
were present, and there were significantly fewer inflam-
matory cells. Mature collagen fibers could be observed
running parallel, askew and perpendicular to the root
surface. In the notch, and in some of the areas coronal
to the notch, a lighter staining, cementum-like sub-
stance was observed over areas of exposed dentin. In
most of the specimens fiber orientation was perpendic-
ular to the areas of new cementum.

Histometric. The results of the histometric evalua-
tions are summarized in Tables 1 and 2. Table 1
represents connective tissue reattachment, and Table 2
represents epithelial proliferation. Each of the observa-
tions shown represents the average of 14 step-serial
sections, and these were the data analyzed by the re-
peated measurements analysis of variance. In each in-
stance, both the time of measurement factor and the
treatment factor were significant (P < 0.001). Subse-
quent analysis by the Newman-Keuls procedure
showed that in Table 1 each of the FN treatments
differed significantly from the control but not from one
another. In Table 2, the control did not differ signifi-
cantly from 0.75 mg/ml, and 0.38 mg/ml did not differ
from 1.50 mg/ml.

DISCUSSION

The study has demonstrated that citric acid and
various concentrations of exogenous FN exert statisti-
cally significant differences on connective tissue reat-
tachment following periodontal flap surgery in mongrel
dogs. The increased concentration of FN was not shown
to be significant since increases in coronal levels of
connective tissue reattachment were similar in 0.38-,
0.75- and 1.5-mg/ml FN sites. Thus, there was no
obvious advantage in increasing the concentration of
FN above plasma level (0.38 mg/ml). However, it
should be stressed that this study examined healing
responses to acute wounds. There was no natural or
experimental periodontitis present in any of the surgical
sites. It should also be stressed that this technique for
regeneration therapy is experimental and should not
yet be used in practice.

It is not too surprising that the use of FN increased
the connective tissue attachment to the root surfaces.
Exogenous FN has been used successfully during sur-
gery in humans to produce hemostasis, improve neural
and microvascular anastomoses, promote wound heal-
ing and serve as a tissue adhesive.® Increased levels of
FN are observed naturally in humans during the earliest
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Figure 2. Two weeks postoperatively, 0.38 mg/ml FN concentration
(magnification X 50).
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Figure 3. Higher magnification of Figure 2. Two weeks postopera-
tively, 0.38 mg/ml FN concentration (magnification X 100).
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Figure 4. Six weeks postoperatively, 0.75 mg/ml FN concentration
(magnification X 100).

Table 1

Histometric Measurements from the Root Surface Notch to the Base
of the Junctional Epithelium for the Four Treatment Modalities (in
mm) by Repeated Measurements Analyses of Variance

Fibronectin

Control Concentration (mg/ml)
038 075 1.50
0.55 133 130 106

One week : N —
0.61 139 126 L2

038 09 079 087

Two weeks ) ) - ) '
0.34 092 073 093

057 095 1.01 135

Six weeks S B -
0.55 101 107 131

———1 No significant difference (Newman-Keuls).

stages of wound repair and organization.’ Until recently
it was assumed that FN was involved primarily with
connective tissue interactions, while the glycoprotein
laminin mediated epithelial reactions. This is not al-
ways the case. Fibronectin has been shown to provide
a suitable substrate for epithelial cell migration during
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Table 2

Histometric Measurements from the Base of the Junctional
Epithelium to the Free Gingival Margin for the Four Treatment
Modalities (in mm) by Repeated Measurements Analyses of
Variance

Fibronectin

Control Concentration (mg/ml)

0.38 0.75 1.50

0.70 1.90 0.42 1.65

One week . ! 4‘ i
072 194 044 171

1.40 2.22 1.17 1.84

Two weeks . : ' +
136 2.26 111 1.76

1.66 1.31 1.46 1.86

Six weeks ‘ F ‘ !
1.72 125 152 192

+——— No significant difference (Newman-Keuls)

wound closure. Epidermal cells can migrate over a
matrix of fibrin and FN, even though the matrix lacks
laminin or Type IV collagen.'®!! Fibronectin has been
observed, using immunofluorescence, in migrating ep-
ithelial cells of corneal wounds, and application of
additional FN enhanced this migration. '

No collars were taken from the flaps in the study, to
remove sulcular epithelium. The gingival flaps were too
thin and the sulci were very shallow. However, since 2
to 3 mm of alveolar bone were removed, at least that
much connective tissue on the inner aspect of the flap
was repositioned to the roots. Although FN was used
in this study to promote reattachment between flap
collagen and demineralized root collagen, it seems
likely that it would also have had some effect on any
epithelium remaining on the inside of the flap following
surgery. Nonetheless, no clear pattern of epithelial be-
havior was detected in the study.

The main function of FN appears to be the promo-
tion of cell adhesion to various biological substances.
Different studies also have revealed that FN exerts a
chemoattractive effect on fibroblasts and mesenchymal
cells. This may play an important role in the develop-
ment and remodeling of tissues in wound repair.'>'*
Fibronectin is a sensitive target of neutral proteases
present at sites of inflammation. These proteases cause
the loss of the biological properties of FN.'> Vercellotti
et al.!'* found that FN, altered by neutrophil release
products, caused an increased adherence of PMNs to
endothelial cells. Therefore, such altered FN might
serve as an amplifier in inflammation. One reason for
increased levels of new connective tissue attachment
may be that FN was present in sufficient quantities to
avoid complete inactivation by neutral proteases.

The opsonic properties of FN are important in the
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removal of bacteria and necrotic debris during wound
organization and healing.!” Greater than normal con-
centration of FN may facilitate the removal of clots
and debris after surgery.

Regeneration of cementum and connective tissue
attachment on previously diseased root surfaces is pos-
sible following surgical procedures.'® A combination
of citric acid and FN appears to produce the best results
for gains in new attachment. In a recent study,’ it was
found that FN alone produced little more new attach-
ment than did control teeth treated without FN or citric
acid. When FN was combined with citric acid, new
attachment was much greater than that found with
citric acid alone. This finding was attributed to en-
hanced adhesion between collagen fibers in the flap and
fibers along the demineralized root surface.® Boyko et
al.'® found increased attachment of cultured fibroblasts
to root surfaces demineralized by acids. They concluded
that FN, synthesized by the fibroblasts, was able to react
with the exposed collagen substrate created on the root
by demineralization. Fernyhough and Page'® reported
enhanced attachment of cultured fibroblasts on instru-
mented teeth with citric acid or FN. Attachment was
similar between FN and citric acid; however, no com-
parison was made with the agents used in combination.
Polson and Proye? suggested that FN may have poten-
tial significance in facilitating the attachment of the
connective tissues to demineralized root surfaces
through collagen-fibrin interactions. They concluded
that FN probably is not the critical agent for successful
new connective tissue attachment.

The proposed mechanism in connective reattach-
ment to demineralized roots involves a “splicing” of
collagen fibers of the flap and of the root surface. Until
recently there was little actual proof that this splicing
occurred. In an ultrastructural study, Frank et al.”'
examined human teeth treated with flap surgery and
citric acid application. They observed and described
two types of connective tissue attachment. In the first
type, there was cementum formation with functionally
aligned Sharpey’s fibers. The second type displayed a
mineralized layer of decalcified dentin-collagen spliced
with fibers, which had been secreted by fibroblasts
within the flap. If splicing is to occur, close flap adap-
tation after surgery is essential. Animal studies have
shown enhanced connective tissue attachment in flaps
that were closely adapted compared with control areas
with spaces between the root surface and the flap.*

The analyses employed in this study are well-docu-
mented in Winer’s text,” and we suggest that this ap-
proach may be appropriate for use in other studies
employing a similar experimental design. The number
of experimental animals in each cell of Table ! and/or
Table 2 is often necessarily small due to such things as
financial constraints, and this can seriously compro-
mise the use of more traditional methods. If, for ex-
ample, we had decided to compare the treatment mo-
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dalities by doing paired ¢ tests at each time of measure-
ment, since only two animals were available for analysis
at a given time, the resulting ¢ statistics would have
been a single degree of freedom. This makes reliance
on such tests somewhat questionable even if Bonferro-
ni’s correction is applied to handle the multiple-test
problem. The ¢ distribution with one degree of freedom
is also known as the Cauchy distribution and it provides
statisticians with an example of a distribution having a
number of unsatisfactory properties for inference; e.g.,
it has no finite moments (mean, standard deviation,
etc.). Recognizing the experimental design as a two-
factor experiment with repeated measures on one factor
obviates this problem. Of course, large sample sizes
would produce more powerful tests, and the Newman-
Keuls procedure plays the role of Bonferroni’s correc-
tion, controlling the overall level of significance of the
pairwise tests at a specific value. For problems of the
size considered in this paper, the computations are
easily accomplished with the aid of a simple calculator.
For larger problems, computer programs are readily
available, e.g., BMDP2V.

CONCLUSIONS

Within the limits of this study it may be concluded
that:

1. A significant increase in connective tissue reat-
tachment occurred in all experimental sites where ex-
ogenous fibronectin had been added.

2. There was no obvious advantage in increasing the
concentration of exogenous FN above plasma level.
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